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The writing up of a viable text-book is not as easy as it appears to be. 
Without being endowed with a natural sense of communication, clarity 
of exposition and certain degree of originality in organizing the material, 
the attempt to write a text would be a costly misadventure. The prospec¬ 
tive writer must consciously control the osmotic gradient of fresh know¬ 
ledge flowing into the pool of the existing one. The process of science is 
revealed in its unceasing progress; this means that: the horizon of know¬ 
ledge is continuously receding. The greatest obligation of a text-book 
writer is to remain alive to this fact and to minimize the gap by constant 
vigilance. Texts, written once cannot be perpetuated indefinitely. 
Texts are not intended to enslave the mind but to prepare it for more 
knowledgeable things hidden beyond the present contemplated boundaries. 
Its purpose is to arouse a sense of aptness for the subject concerned and 
to embolden curiosity for its material contents, in order to lead the way 
to the further progress. The purpose of a book lies in the mental pre-^ 
paredness for creating a new sense of dedication for the unknown. 

To attempt now to write a text in Zoology for the Degree Course 
would be a matter of great adventure because modern Zoology hils under¬ 
gone a radical eedysis and has emerged out into a new conceptual entity, 
both in contents and implications. Zoology' is no longer a mere 
plethora of disjointed morphological descriptions. It is now a field of 
coherently integrated and biochemically analysable entity. Biological 
diversities have become resolved into a common theme of endless 
activity of the wonder molecule of DNA. 'Throughout the new vista 
of Zoology, causal interpretations of functional dynamism, adap¬ 
tiveness in time, exploration of new ecological niches, biometry of forms 
have firmly been established. 

The writers of the present volumes were my close collaborators in 
research. The image of modern biology is clearly inscribed in their 
minds. It is heartening to see that they have been able to assemble the 
main ingredients of the science of Zoology in a most coherent way and 
organised their material into a principle oriented discourse. Our syllabi, 
in most of the Universities, even to-day suffer from serious limitations. 
Often the contemporary outlook of Biology is not fully reflected in our 
curricula. However, within the available framework of the present day 
curricula, ,the authors have done their best to convey the message of 
modern Zoology. I have no doubt that the present volumes will gene¬ 
rate impact on the modernization of the subject which we have cherished 
So much and for so long. 






Preface 


We have decided to write a book on £oology which would reflect the contempo¬ 
rary outlook of the subject and at the same time , would cover the syllabi of most 
Indian Universities. Our prime objective would he to see that the book helps the 
student to learn the subject. We expect the student to be a true literate in ^oology. 
They should be in a position to use their knowledge and training in their daily life 
and vocation. It is hoped that instead of mere cramming of the ‘ product ’ parts of 
the subject , the students will learn the ‘process' involved i:i it. Such training 
would develop in their mind a sense of love and appreciation about the subject. 

The above-mentioned paragraph was written before the writing of 
the manuscript. It speaks about our desired objectives. In order to 
attain it we have selected the most important theme of today’s biology— 
unity and diversity in living organisms. As it is a book nil Zoology, we have 
restricted ourselves only to the animals. The book begins with the idea 
of‘unity’, the understanding of which can only help the reader to realise 
the guiding principles involved in the production and maintenance of 
the enormous array of ‘diversity’. In the first volume, unity in the- 
living world and non-chordate animals as the examples of diversity are 
included. The second volume lias been devoted to the examples cflT ehor- 
dates. The third volume will include the biological principles like deve¬ 
lopment, heredity, ecology, adaptation, evolution and hisipry of Zoology. 

To satisfy the requirements of the Universities, the pan dealing 
with the examples of diversities lia- become unusually longer. It is 
hoped that the readers of this book would find that the underlying prin¬ 
ciples of Zoology arc more vital than the descriptive legends of animals. 
While presenting the facts we have taken this into consideration that 
figures become integral part of the text. Two types of illustrations have 
been used—some are of more artistic value while the others are line 
drawings for the easy understanding of the students. As far as practi¬ 
cable, Indian examples have been described and the works of Indian 
scientists have been incorporated. 

We have no hesitation to admit that in spite of our best effort, we 
have not been able to reach our desired objectives. Repeatedly we found 
that it is impossible to reflect the ‘contemporary outlook of the. subject’ 
in the frame work set for “the requirements of syllabi of our universities”. 

It is rather an unfortunate truth that even after the criticism of 
Kothari Commission, most Universities of our country have failed to 
implement a syllabus which would reflect the contemporary outlook of 
knowledge. We sincerely appeal to the teachers to come forward to 
convince their Universities to make the curriculum of Zoology not only 
modern but also more useful and meaningful. An ideal curriculum 
includes both the syllabus and the methods of its*implementation. Both ■ 
are interdependent and to make the curriculum successful it is necessary 
to consider both very carefully. It is needless to emphasize that the 
present method of teaching requires a change. A student of Zoology 
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must learn the subject as a scientist. It is necessary to see that teaching 
of Zoology creates in the mind of the student a sense of enthusiasm and 
inquisitiveness. How can this goal he achieved? Which one will be 
best effective enquiry approach or classical lecture-type method or both. 
The final answer can come only from the teachers who are involved in it. 
The authors of this hook only want to assure that if something in this 
direction is done they will he glad to recast the entire content. 

We are fortunate that in the preparation of this book we enjoyed 
the help and counsel of a large number of very competent persons. The 
acknowledgement of their names does not necessarily mean that they 
have approved every tiling in our final manuscript. We arc grateful to 
them for their keen interest, untiring labour and critical but friendly co¬ 
operation, which have definitely put this book into a presentable shape. 

We are specially thankful to Professor Xivatosh Mookcrjec, I\N.A., 
(formerly. Head of the Department of Zoology, Presidency College, Cal¬ 
cutta and now at Jawaharlal Nehru University, New Delhi), for the 
genuine interest that lie lias kindly shown towards this book. Professor 
Mookerjce, who among a few others, was primarily responsible for bring¬ 
ing in-the era of modern biology in. the country, helped us many a times 
with his creative ingenuity during the various phases of gestation of the 
book. He f \vas too kind to extend all the facilities of his laboratory to us. 
With deep respect we acknowledge the apt and excellent foreword that 
he has written for this book. 

We shall be glad to acknowledge all comments, suggestions and 
corrections from the learned teachers and enthusiastic students. As 
this is the only way to improve the book further, we will give due honour 
to them. 

Last but not the least, we appreciate the courage of Sri J. N. Sen of 
N*?w Central Book Agency for entrusting upon a comparatively younger 
group of people to write the book on Zoology in their series of Biological 
Sciences. We are happy in being able to fulfil the responsibility assigned 
to us and that too, in much ahead of the stipulated time. 


Arup K. Sin iia. 
Assistant Professor , 
Department of £ 00 / 0 ^, 

Presidency College\ 
Calcutta 


SlMANANDA AdHIKARI, 
Assistant Professor , 
Department of Zoology, 

Government College , 
Darjeeling 


Banka: B. Ganguly, 
Reader , N.C.E.R.T ., 
Department of 

Science Education , 
N1E Campus , 

New Delhi-16 
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Life is a peculiar state of existence, so much different from non-life. Only 
the plants and animals can experience such a state, leaving aside still smaller 
forms known as viruses. There are bewildering forms of plants and animals 
probably with all imaginable differences in size and shape. This system of 
biological diversity can conveniently be harnessed into another pattern of 
unity—a unity in the ultimate similar chemical make, up of all forms constituted 
by protoplasm. Protoplasm is a peculiar amalgam of different chemical rt;cipes, 
fortified by a system of self-maintaining equilibrium. 

• • 

Unity and diversity are the two facets of the bundle of life. Understanding 
of the mechanism involved in the form and function of life constitutes the 
subject malter of modern life science. Modern biology thus begs the assistance 
of such disciplines like physics, chemistry, mathematics, to give their hands for 
the ultimate solution of the life process. 

Zoology, the subject matter of this book, is that branch of biology, which 
deals with the science of animal life. 
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DIVERSE MANIFESTATION OF LIFE THROUGH 

ANIMALS (Contd.) 




CHAPTER 1 


Phylum Chordata 

The phylum Chordata is a vast group which includes diverse animals ranging from 
the Balanoglossus to Man (Fig. 1.1). A lew characteristics like the Notochord, Dorsal 
tubular nerve cord and Pharyngeal gill-slits unite these diverse animals under a com¬ 
mon phylum. They differ from the invertebrates significantly by the position of the 
nerve cord. The invertebrates possess a ventral nerve cord below the alimentary 
canal, while a dorsal nerve cord above the gut is the diagnostic character of the chor- 
dates. The phylum Chordata is of special interest to us, because we, the human 
beings arc also included within the group. 



Fig. 1.1. Diversification of the diordatex. 


IMPORTANT FEATURES 

The members of the phylum Chordata 
possess many features in common. The most 
important features are: (1) the Notochord, 

(2) the Dorsal Tubular Nerve Cord and 

(3) the Pharyngeal Gill-slits (Fig. 1.2). 
These three characteristics are unique for 
the phylum. Existence of such common 
structures is interpreted as a result of 
inheritance from a common ancestry. 
Besides these three structures, there are a 
few other characteristics which have less 
diagnostic value. 


Notochord or Chorda Dorsalis 

The notochord is the prime identifying 
structure of the chordatcs and the group 
derives its name from it. It is a rod-like 
elastic structure situated just above the 
alimentary canal and immediately beneath 
the dorsal tubular nerve cord. The noto¬ 
chord is composed of special type of vacuo¬ 
lated notochordal cells* (Yig.'X.S) and remains, 
covered over by one or two connective 
tissue coverings called the notochordal sheath . 
The notochord in the invertebrate chor¬ 
datcs originates from the embryonic 
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Fi g . 1.2. Diagrammatic: view of a chordate showing the three unique features of the chordate 
organisation (after Torrrv). 


endodenn, whereas, in the^yerlebrates it is 
a mesodermal derivative. The notochord 
may persist even in the adult in^rlcbrate 
chordates, but in vertebrates it uKpithcr 
partially or wholly replaced by " s the 
.-vertebral column. 



Fig. 1.3. Longitudinal section through the noto¬ 
chord of developing chick (altci Mookerjee). 


Dorsal Tubular Nerve Cord 

In the chordates, a single dorsal tubular 
nerve cord extends along the anteropos¬ 
terior axis of the body. It is located just 
above the notochord (Fig 1.4). This nerve 
cord originates from the embryonic dorsal 
ectoderm. It develops as an oval dorsal plate 
called the neural or medullary plate. The neu¬ 


ral plate is formed as a result of assemblage of 
neural cells. The neural plate subsequently 
transforms into a neural or medullary groove 
due to the lateral pressure exer ted by the 
surrounding nonneural tissue. The dorsal 
lips of the neural groove become fused with 
each other and a neural lube is formed. The 
cavity of the neural tube is called neurocoel. 
In the invertebrate chordates the dorsal 
tubular nerve cord remains almost un¬ 
changed, but in the vertebrates the anterior 
region of the nerve cord becomes specia¬ 
lised into the brain and the remaining 
part is modified into the spinal cord. 



dorsal aortac 


Fig. 1.4. Transverse section of the developing chick 
(passing through trunk region) showing the relative 
position of neural tube. 

Pharyngeal gill-slits 

The gill-slits have many alternative 
names, such as the pharyngeal or branchial 
clefts, visceral clefts, visceral or branchial 
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pouches. In the majority of the primary aqu¬ 
atic chordates, the pharyngeal wall is perfo¬ 
rated by gill-slits which are meant for the 
exi t of the water current from the pharyngeal 
cavity to the outside. In the majority of such 
forms the respiratory organs (gills) arc lodg¬ 
ed in the gill-chamber. Exchange of gases 
takes place during the transit of the water 
current that passes through the mouth and 
goes out through the gill-slits. The gill- 
slits, as such, are persistant in invertebrate 
chordates, fishes, amphibian larvae and in 
the ncotcnic adult amphibians. But the tran¬ 
sition from the aquatic environment to the 
land life has changed the nature of the 
gill-slits. The gill-slits lose their importance 
clue to the acquisition of pulmonary res¬ 
piration. The respiratory function of the 
gill-slits is taken up by the lungs, the res¬ 
piratory organs of the land chordates. 
The initial stages of gill-slits formation are 
clearly „seen in the embryos of the land 
chordates (Fig. 1.5). In the adults, these 
structures become transformed into other 
organs, specially the endocrine systems. 


first visceral 
pouch 


second 

visceral 

pouch- 


visceral 

pouch 


somite 



tail bud 


Fig. 1.5. A developing chick embryo of 30 somite 
stage. Note the formation of visceral pouches or 
gill-slits. 


The gill-slits are developed as a result 
of subsequent fusion of the inpouchings of 
the body ectoderm with the corresponding 
outpouchings of the pharyngeal endoderm. 
Initially both the inpouchings and the out¬ 
pouchings meet with each others and then 
the regions of union break through to form 
continuous passages between‘the pharyn¬ 
geal cavity and exterior. The number of 
the gill-slits varies considerably in diff¬ 
erent chordates. Cephmodiscus bears only 
one pair of gill-slits whereas Branchioslumn 
possesses about two hundred. 

THE CHORDATE FEATURES SHARED BY 

THE INVERTEBRATES 

Besides the three unique features of the 
chordates, there arc many characteristics 
which arc also present in many higher 
invertebrates. The significance of the 
structural similarities are very d illicit it to 
interpretc from the phylogenetic point of’ 
view. However, it may be suggested that 
the chordates as a group evolved from 
some higher groups of invertebrates and 
hence the structural resemblances are due 
to remote common ancestry. 

Bilateral symmetry. Both the chor¬ 
dates and most of the invertebrates, like 
annelids, arthropods etc., exhibit distinct; 
bilateral symmetry. 

Axiate organisation. All the chordates 
have a distinct polar axis. The anterior end 
is marked by the presence of head and the 
posterior end is characterised mostly by 
the tail. The axis extending from the Ireful 
to the tail end is regarded as the antero¬ 
posterior axis. The anteroposterior axis of 
the chordates corresponds to that of most 
of the higher invertebrates. The axiate 
organisation is not strictly homologous, be¬ 
cause many fundamental differences exist 
between the two groups. 

Triploblastic condition. All animals 
above the coelentcratcs, have a third germ 
layer besides the ectoderm and endoderm. 
This third layer is known as the meso¬ 
derm. Although the embryonic, formation 
of the mesoderm is different in invert¬ 
ebrates, but the same is similarly formed 
in chordates, echinoderms, brachiopods, 
chaetognaths and in other enterocoelous 
forms. The triploblastic condition added 
more w r eight to the phylogenetic relation¬ 
ship of the chordates with the inverte¬ 
brates. 
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Metamerism. Segmental organisation 
is characteristic for most of the inverte¬ 
brates and the chordatcs. In annelids and 
arthropods, segmentation is well-marked 
both internally as well as externally, but 
in chordatcs the external segmentation is 
not seen. The segmental arrangement of 
the body-wall musculature is prominent in 
cliordates. 

OUTLINE classification 

Like many other phyla, the taxonomical 
subdivisions of the phylum Chordata is a 
problematic issue. Diverse opinions exist 
on this particular aspect. However, a com¬ 
promise scheme is described below. It is 
largely based ori the rlassiheatory scheme 
adopted by Parker and Haswell. 

The phylum chordata is divided into 
four subphyla. The subphyla are: 

Subphylum I. cp.pitai.ociiokdata or 

AGRANIA 

i 

Subphyhnn IT. iif.mighordata or adf.lo- 

GHORDATA OR STOMOCUORDAI'A 

Subphylntn III. urochordata or tuni- 
GATA 

Subphyhnn IV. verterrata or (.rani at a 


The subphylum Cephalochordata has 
no class under it. This subphylum is re¬ 
presented by two genera. But the subphy¬ 
lum. Hcmichordata includes three classes. 
The classes arc: (A) Enteropneusta, (B) 
Pterobranchia and (Cj Planctosphaeroi- 
dea. The subphylum Urochordata is sub¬ 
divided into three classes: (A) Ascidiacea, 
(B) Thaliacea and (C) Larvacea or Appen- 
dicularia. The subphylum Vertebrata is 
the largest group amongst the chordatcs. 
The Vertcbrata is divided into two super¬ 
classes: AGNATHA or MONORHINA 
and GNAT I 1OSTOM AT A or AMPHI- 
RHINA. 

The supercl Agnatha inc ludes two 
classes: 

Glass 1 . Ostracodermi 
Class 2. Cyclostomata 

The superclass Gnathoslomata compris¬ 
es of seven ( lasses: 

Class l. Placodermi 
Class 2. Chondrichthyes or Elas- 
mobranchii 
Class 3. Osteichthyes 
C r ass 4. Amphibia 
Chi ass 5. Reptilia 
Class (i. Aves 
'Class 7. Mammalia 


SUMMARY 


J. The phylum Chordal;: includes a large num¬ 
ber of diverse animals ranging from (lie Bulamghssus 
to Man. 

*2. The member of live phylum possess many 
diagnostic features, of which ihc notochord, dorsal 
tubular nerve cord and giJI-slits are the most impor¬ 
tant ones. 

3. Other characteristics, like bilateral symmetry, 
axialeorganisation, coelom, segmentation and Lriplo- 
blastic condition arc less important because these 
features are also present in many invertebrates. 


1. Classificalion of the phylum Chordata into 
different smaller groups is a complicated issue. 
However, the phylum is conveniently divided into 
four subphy la— C 1EPH ALOOH OR D A TA, HEMI- 
OHORDATA, UROCHORDATA AND V LU¬ 
TE H RATA. Bnnirhioslmna , Bdlanoi>los\ns, Ciona. 
Pttromyzon , Scojiorfon, T.alcs , Bu/o. Cables. Columbn 
and Cavia are some of the examples of the phylum 
Chordata. 



CHAPTER 2 

Phylum Chordata—Invertebrate Chordates 

■The animals with backbone constitute the major subdivision of the phylum Chor¬ 
data. The rest of the chordates, namely the hemichordates, uroehordales and eephalo- 
chordates are neither vertebrates nor invertebrates, but form a sort of bridge between 
the two groups. These peculiar creatures are collectively called the Invertebrate chor¬ 
dates or Protochordates. They differ from the vertebrates mainly by lacking the verte¬ 
bral column and the skull. But all other basic ehordate features are present in these 
forms. The invertebrate chordates are mostly sedentary animals in adult stage and take 
the resort of ciliary feeding to compensate the purpose of locomotion (I 



Fig. 2.1. A few invertebrate chordates in their usual habitats. 


SUBPHYLUM CEPHALOCHORDATA 
(--■ACRANIA) 

The invertebrate chordates form a 
heterogeneous group of animals which 
show slruct.mal evolution from simple to 
complex. Of all the invertebrate chordates 
known so far, the subphylum Cephalo- 
chordata is described as an introductory 
group, because all the ehordate features 
are well-illustrated in their adult forms. 
This group represents the living theoreti¬ 
cal picture of a typical ehordate. 

IMPORTANT FEATURES 

The Subphylum Gcphalochordataderives 
its name from the characteristic that the 
notochord extends far forward beyond the 
brain, a feature not found in other chor¬ 
dates. This subphyium includes a very 
small number of marine animals represent¬ 
ed by two genera only. 

OUTLINE CLASSIFICATION 

Two genera, Branchiosloma and Asym- 
melron , are included under the subphylum 


Gcphalochordata. About eight species are 
recognised under the genus Branchiosloma 
and the genus Asymmdron includes six spe¬ 
cies. Both the genera have a generalised 
structural organisation, but A sy mine Iron 
differs from Branchiosloma in having gonads 
situated only on the right side of the body. 

Example of Gepiialochordata 

BRANGHTOSTOMA (AMPHIOXUS) 

The most extensively studied ccphalo- 
chordatc, Branchiosloma ( Amphioxus ) lancco - 
lalum is selected as a type specimen to give 
an idea of cephalochordate organisation. It 
has almost a cosmopolitan distribution and 
extends all round the seas of the world. 

HABIT AND HABI TAT 

Branchiostoma is a sedentary animal, 
although it can swim actively in water. It 
can swim vertically *in water. It burrows ia 
the sand, but remains always at a small 
depth. It keeps the anterior end of the body 
projected above the sandy bed to maintain a 
constant water current passing in through 
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snout 


caudal fin N 



myotomes 


Nnetapleural fold 


Fig. 2.2. A. Showing the anterior ends of a number of Branchiostoma. Note that the animals lie 
buried in sandy bottom with the anterior part of the body protruding out to maintain the feeding and 
respiratory currents. B. A diagrammatic view of a Branchiostoma . 


the mouth and expelled through the a trio- 
pore (Fig. 2.2A). Branchiostoma feeds on 
micro-organisms brought into the pharyn¬ 
geal cavity together with the respiratory 
water current. Tt exhibits a typical case of 
ciliary mocjc of feeding. 

EXTERN At STRl J If CURES 

Branchiostoma is a small lancet-shaped 
creature with sharply pointed anterior and 
posterior ends (Fig. 2.2B). The length of 
the animal varies from 5 8 cm. The body is 
elongated and flattened from side to side. 
The body is distinguishable into the body 
proper and a definite postanal tail. The head 
is not recognisable from the body and is 
marked by buccal cirri around the oral hood. 
The mouth is kept hidden within the oral 
hood. The anus is situated on the left side 
of the ventral lin and at a short distance 
from the posterior end of the; body. The 
atrium opens to the exterior through a round 
atriopore located immediately to the ante¬ 
rior end of the ventral fin. The anterior 
portion of the body is roughly triangular 
in outline while the posterior part behind 
the atriopore is more or less oval in cross 
section. On the lateral sides of the body 
proper there are numerous gill-slits which 
remain partly covered by the lateral folds 
of the body. As a result the gill-slits are 
not usually seen from outride. 

. The body is provided with a median 
longitudinal fold called the dorsal Jin which 
extends along the whole of the dorsal side. 
The dorsal lin is continued round the pos¬ 
terior end of the tail and proceeds forward 


on the ventral side up to the atriopore as 
the ventral Jin. The dorsal and ventral fins 
are • supported by a series of connective 
tissue fin-ray boxes. At the posterior end of 
the tail there is an expanded caudal Jin. 
Running along the ventrolateral sides of’ 
the anterior two-third of the body there 
are two longitudinal metapleural folds. These 
metapleural folds extend between the oral 
hood and the atriopore. The paired fins 
are absent but the metapleural folds can be 
homologiscd with lateral fin folds, from 
which the vertebrate limbs -might have 
possibly emerged out. 


BODY WALL 

The epidermis is composed of a single 
layer of cells. The epithelial cells are of 



Fig. 2.3. Sectional view of the skin of Branchiostoma 
(after Young). 


columnar types (Fig. 2.3). These cells are 
ciliated in the early stage and in the adult 
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the outer margin of the cells become cuti- 
cularised. The chemical nature of the 
cuticle is not known. The epithelial layer 
contains cells with sensory hairs (receptor 
ceils), but the gland cells and pigment cells 
are absent. Immediately beneath the epi¬ 
dermis, there are two layers— cutis and sub¬ 
cutis. Both these layers are secreted by some 
** scatteredly distributed wandering cells akin 
to the fibroblasts of the vertebrates. The 
cutis is made up of fibres and the subcutis 
has a gelatinous matrix containing fibres. 
A system of canals traverse through both 
the cutis and subcutis. 

Beneath the subcutis lies the characteris- 
tic muscle layer of Branchiostoma. The 
mesodermal layer applied to the gut 
(splanchnopleurc) becomes greatly thickened 

* near the notochord to transform into the 
myotomes, Besides the myotonies, other mus¬ 
cles also develop from the splanchnopieure 
and somatopleure (the mesodermal layer 
applied to the body-wall). The myotonies 
arc blocks of striated muscle-fibres extend¬ 
ing through the entire length of the body. 
The myotomes are separated from one an¬ 
other by dense connective tissue called the 
myocommas. The myocommas are ‘V’- 
shaped and the pointed end of the ‘V 5 is 

4 directed towards the anterior end (Fig. 2.2). 
Although the myocommas are ‘V’- 
shaped, the muscle-fibres composing the 
myotomes run straight, i.e., arranged lon¬ 
gitudinally. Each muscle fibre is attached 
to two successive myocommas. The myo¬ 
tonies are so arranged that the body can be 
twisted sidewise with a considerable rapi- 
* dity. The myotomes on the two sides of the 

* body alternate with one another. Such an 
arrangement of myotomes help lateral 
undulation of the body during locomotion. 
There are about 60 pairs of myotomes in 

* Branchiostoma. 

The most significant point to note in the 
muscular system of Branchiostoma is the 
great thickness of the musculature of the 
♦' dorsal body wall. In invertebrates the 
muscle layer is of almost uniform thickness 
surrounding the coelom. 

SUPPORTING STRUCTURES 

The notochord extends from the very 
end of the head to the tip of the tail. Such 
anterior prolongation of the notochord 
beyond the brain is associated with its 
burrowing habit. This chord is situated on 
the middrosal line of the alimentary canal. 
It is composed of a series of flat plates 


arranged along the transverse plane of the 
body. Two kinds of plates alternate with 
each other, one is fibrous in nature and the y 
other is homogeneous. The plates are en- " 
veloped by an outer fibrous and an inner 
elastic notochordal sheath. Each plate is 
derived from a single cell which becomes 
highly vacuolated and the* nucleus is 
pushed to'one side. Surrounding the noto¬ 
chordal sheath there is a nonce!lular gela¬ 
tinous layer containing lew fibres. 

The other supporting structures include 
the gill-rods supporting the gill-bars, the < 
skeletal oral ring supporting the oral hood 
and cirri and the (in-ray boxes supporting 
the lilts (Fig. 2.4A). 

LOCOMOTION 

Branchiostoma is a sluggish animal by 
nature and it occasionally swims freely in 
water by the contraction of the longitudinal 
muscle-fibres of the myotomes. Gontrac-* 
tion of the myotomes causes the transverse 
motion of the body at different angles in 
such a fashion that the animal can move 
forward. All the myotomes contract rhyth¬ 
mically along the anteroposterior direction, 
i.e., a myotome contracts after that in front* 
of it. During forward propulsion the myo¬ 
tomes contract to produce waves of con¬ 
traction from anterior to the posterior 
side through the water. The myotomes are 
located on the lateral side of the notochord 
which forms the supporting structure. The 
function of the notochord is to prevent 
shortening of the body length when the 
muscle-fibres of the myotonies contract. 
The elasticity of the notochord helps to 
make the contraction of the body more 
efficiently. The notochord acts as the lever 
upon which the myotomes work. The myo¬ 
tomes have no direct connection with the 
notochord, but the myocommas arc attach¬ 
ed with the notochordal sheath. 

Branchiostoma cannot move very fast in 
water and the elaborate fin-system as seen 
in fishes is absent. T he caudal fin is feebly 
developed. It normally resists transverse 
movements of the body and can accelerate 
transverse movements in emergency. 

TRANSVERSE SECTIONS OF THE BODY 

The body proper of Branchiostoma is 
usually distinguishes into the pharyngeal* 
and intestinal regions. A transverse section 
passing through these regions show both 
similar and dissimilar features (Fig. 2.4C, 
D). 
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(4) Immediately above the alimentary 
canal there lies the notochord which 
thus occupies middorsal position. (5) A 
hollow nerve cord is present just above the 
notochord. 

Dissimilar features. Besides the com¬ 
mon features, there are specific differences 
between the sections of the pharyngeal 
and intestinal regions. The differences are 
tabulated in Table Chordata-I. 


geal cavity play the most important role in 
capturing the food 

A large median aperture is situated jast 
below the pointed tip of* the anterior end. 
This aperture is surrounded by a frilHike 
membrane called the oral hood (sec Fig. 
2.4A). The membranous lateral and ven¬ 
tral margins of the oral hood'arc fringed 
with buccal cirri. The buccal cirri are beset 
with sensory papillae. The oral hood and the 


Tabu;—Chordata - I 

COMPARATIVE ACCOUNT OF THE TRANSVERSE SECTION THROUGH PHARYNGEAL 
AND INTESTINAL REGIONS OF BRANCHIOSTOMA 


Structures 

Pharyngeal region 

Intestinal region 

Shape of the body 

More or less triangular in 
outline. 

Oval in outline 

2. Ventral fin 

Two metapleural folds are 
present, one on each ven¬ 
trolateral side of the body. 
Supporting fin-ray box is 
absent. 

Single midventral firf with 
supporting fin-ray box is 
present. * . 

3. Dorsal aorta 

Two dorsal aortae, one on 
each dorsolateral side of 
pharynx arc present. 

Single dorsal aorta is pre¬ 
sent on the rniddorsal side 
of the intestine. 

4. Alimentary canal 

Pharynx with many gill- 
liars and gill-slits are visible 
in a transverse section. 
This is because of the fact 
that the gill-bars and gill- 
slits remain diagonally to 
the body. The endostyle 
and the epipharyngeal 
groove are present on the 
midventral and mid dorsal 
sides of the pharynx res¬ 
pectively. 

Simple, circular intestine 
with the gut content is 
set'll. 


D IGESTIVE AND RESPIR ATORY SYSTEMS 
In Branchiostoina the digestive and the 
respiratory systems are intimately associat¬ 
ed with one another. For this purpose, 
/the pharynx is a very elaborate structure 
which ’occupies more than half of the 
total surface area of the body. The food 
particles arc filtered from the respiratory 
water current that passes in the mouth 
and goes out through the atriopore via the 
gill-slits. The cilia present in the pharyn- 


buccal cirri are supported by skeletal rods. 
During the inflow of water current, the 
buccal cirri form a sieve to prevent the 
entry of large food particles. The oral 
.hood encloses a cavity called the vestibule . 
The mouth is a small rounded aperture 
situated at the posterior end of the vestibule * 
The mouth is surrounded by a membrane 
called the velum. The velum is produced 
into' slender velar tentacles and acts as a 
sphincter to open or close the mouth (see 






m 
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Yig. 5.4 A, B). The lining of the vesti- 
bule produces a complicated ciliated tract 
called t/ie “wheel organ 39 by Muller. The 
wheel organ produces a vortex of water 
to sweep the food matters into the mouth. 
There is a ciliated groove running along 


myococl^ sclerocoel neural tube 





Fig. Section si views v of different portions of 

Branchiostoma . A. Sectional view of the upper half of 
the oral funnel. Note the position of Hatschek’s pit, 
Hatschek’s nephridium, etc, B. Transverse section 
through the floor of the pharynx showing the rela¬ 
tionship of the endostyle with others. C. Transverse 
section of a single gill bar (after Jollic). 


the roof of the vestibule named the pit of 
Hatschek (Fig. 2.5A). The left embryonic 
coelomic cavity of the head region becomes 
reduced to form the pit of Hatschek of 
the adult. 

The mouth opens into a very large 
laterally compressed tube called the 
pharynx. The pharynx in Branchiostoma 
plays a dual role—the collection of food 
particles and the respiration. The lateral 
wall of .the pharynx is perforated by obli¬ 
quely arranged vertical slit-like apertures 
—the gill'.s lits (see Fig. 2.4B). The number 
of the gill-slits is about 200, but the slits 
increase far beyond the niutmer of body 
segments. The gill-slits increase in number 
as the animal grows older. The gill-slits 
open into a special cavity, the atrium or 
peri branchial cavity which surrounds the 
pharynx on all sides except the dorsal. 
The atrium is closed anteriorly but opens 
to the exterior through the atriopore. # 

The gill-slits are separated from one an¬ 
other by the portion of the walls of the body 
arid the pharynx. These portions are called 
the gill-bars or branchial lamellae , i.e., the 
gill-bars are actually the vertical portions of 
the main body wall and the pharyngeal 
wall. Such a portion of the gill-bar which 
encloses the coelom is called the primary 
gill-bar . With the advancement of age, each 
primary gill slit is divided into two by the 
downward growth of the tongue bar . 'These 
resultant gill-bars are named as the secon¬ 
dary gill-bars which lack coelom. The gill- 
bars are provided with cilia. -The gill-bars 
contain supporting gill-rods . The gill-rods 
arc of two types—the primary gill-rods and 
the secondary gill-rods. ,The terminal end 
of the primary gill-rod is forked and those 
of the secondary gill-rods are simple i.e., 
unforked. Depending on the presence of 
particular type of gill-rods, the gill-slits are 
also designated as the primary or secondary 
ones. The primary branchial lamellae arc 
connected by transverse skeletal rods called 
the synapticutae. . 

The internal wall of the pharynx is cilia¬ 
ted. Several ciliated tracts are present 
inside the pharynx. An endostyle is present 
on the floor of the pharynx. The endostyle 
consists of a few ■ tracts of ciliated cells 
alternating with mucus-secreting glandular 
bands (Fig. 2.5B). According to Barrington 
(1968), the endostyle becomes transformed 
into thyroid gland of vertebrates. He has 
observed the concentration of radioactive 
iodine in the glandular columns of the 
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• pndostyle. The extract contains iodine and 
on administration accelerates the metamor¬ 
phosis of Tadpole larva. (There is another 
median groove on the dorsal side of the 
pharyngeal cavity called the epipharyngeal 
or hyperpharyngeal groove. The epipharyngeal 
groove joins with the anterior end of the 
endostyle by peripharyngeal ciliated tracts.) 

Behind the pharynx, the alimentary 
canal narrows at its posterior side into an 
oesophagus which opens into the midgut. The 
pharynx and oesophagus constitute the 
foregut. At the junction of the oesophagus 
and the midgut there is a large outpouch¬ 
ing called the hepatic diverticulum or midgut 
*•' diverticulum (Fig. 2.6A). This diverticulum 


come curved to Form a scivc to prevent the 
entry of large particles of food. The ingress 
of water into the pharyngeal cavity through 
the mouth is controlled by the velum. The 
pharynx plays the most important role in 
food collection. The major portion of the 
water passes out into the atrium through 
the gill-slits. The eilia present T>n the gill- 
bars beat to drive the water out into the 
atrium and thus facilitate the inflow of 
fresh water current through the mouth. 
The fgod particles are entangled by the 
sticky secretion of the mucus secreting cells 
of tlu: endostyle. The cilia in the endostyle 
and gill-bars beat to produce an upward 
current to push the mucus entangled food 




Vig. 2.G A. Digestive system of Branehiostvma. B. Showing ihe schematic representation of lhe feeding * 
current through the gut. The arrows indicate the direction of movement of food cord. 


* 

extends Forward on the right-hand side of 
the pharynx for about one-third of the 
length of the pharynx. It contains zymogen 
cells and produces digestive enzymes. The 
inner walls of the diverticulum, specially 
the dorsal and ventral walls are l3eset with 
large cilia. The posterior end of the midgut 
is specially ciliated and called the ileocolon 
ring. Behind the ileocolon ring the intestine 
: proceeds backwards as a straight hindgut 
which opens through the anus . 

Mechanism of Feeding and Digestion 

Branchiostoma is a microphagous animal 
which obtains the food by filtering the 
stream of water that enters the pharyn- 
- gea? cavity. The wheel organ produces a 
vortex of water current which is drawn in 
^ 'towards the mouth. The buccal cirri be- 


particlcs towards the epipharyngeal groove. 
The cilia of the endostyle also beat to drive 
the food along the peripharyngeal ciliated 
tracts to the epipharyngeal groove. The 
food is pushed backwards by the backward 
beating of the cilia of the epipharyngeal 
groove (Fig. 2.6B). The secretion of the 
glandular cells of the endostyle transforms 
the boluses of mucus entangied food 
particles into a cord-like structure known 
as food cord. 

The food cord from the pharynx passes 
through the oesophagus into the hepatic 
diverticulum and the midgut where this 
food cord is subjeefed to the action of- 
digestive enzymes secreted by the hepatic 
diverticulum. The food cord from the 
hepatic diverticulum is pushed backwards 
by the cilia present in its cavity. The 



14 


BIOLOGY OF ANIMALS 


mucus-entangled food cord is rotated by 
the ciliary action in the ilco-colon ring. 

The digestion in Branchiostoma is both 
intracellular as well as extracellular. The 
secretory cells of the hepatic diverticulum 
show phagocytosis, i.e., the cells arc able to 
engulf the food particles from the food cord 
and digest* the food as in Amoeba and 
Hydra. The phenomenon of phagocytosis 
is attested by the fact that the carmine 
particles, after injection into the diverti¬ 
culum, are taken inside the cells. Extra¬ 
cellular digestion occurs inside the midgut. 
The digested food is absorbed in the hindgut 
and the undigested particles are expelled 
through the anus. 

The controlling mechanism of the ciliary 
mode of feeding in Branchiostoma is not 
clearly known. The afferent and efferent 
nerve fibres in the atrium presumably play 
the important role hr feeding. The rate of 
water current is largely controlled by the 
intensity of healing of cilia and also the 
degree of contraction or dilatation of the 
inhalant and exhalant apertures. The 
different receptors present on the velum 
and the atrium taste the nature of* water 
current. IfUhe water current contains any 
toxic substance, the atriopore is closed and 
the water is regurgitated by the sudden 
contraction of the pterygial muscles which 
form the floor of the atrium. Bone (1960) 
has shown that alter the ingestion of 
sufficient food, the food collection is stopped 
until the food that has been taken in is 
digested. 


these blood vessels are able to absorb 
oxygen and give off carbon dioxide very 
effectively. 

CIRCULATORY SYSTEM 
' The circulatory system in Branchiostoma 
is well-developed (Fig. 2.7). The blood is 
colourless, i.e., it lacks any respiratory pig¬ 
ment. The blood is also devoid of cells arid 
the blood vessels, except the dorsal aorta, 
are without any lining. 

The blood from the different parts of the 
body is collected into a large sac called 
the sinus venosus. The sinus venosus is situa¬ 
ted below the posterior end of the pharynx. 
From the sinus venosus a large median 
artery arises which extends forward below 
the pharynx. This artery is named as the 
ventral aorta or truncus arteriosus or endostylar 
artery. The ventral aorta gives the branchial 
vessels carrying blood to the gill-bars. 'The 
branchial vessel, at the base of each pri¬ 
mary gill-bar dilates to form a tiny expan¬ 
sion called the branchial bulb or bulbule 
(pleural bulbuli). From the gill-bars the 
blood is collected by the paired dorsal aortae, 
situated one on each dorsolateral side of the 
pharynx. These paired aortae join posteri¬ 
orly to form an unpaired median dorsal 
aorta. This dorsal aorta extends posteriorly 
up to the tip of the tail as the caudal artery. 
The paired dorsal aortae give small arterial 
vessels to the nephridia. These vessels form 
a net of minute vessels called the nephric 
glomerular sinus. 

The paired and unpaired dorsal aorta 


1 nephric glomerular 
sinus 


paired dorsal aortae 


unpaired dorsal aorta 
hepatic reticulum 



external septal 
vessel 


. , , . t . bulbule gonadal venosus 

internal septal ventral vessels common cardinal 

vessel aorta anterior cardinal 

tongue bar vessel hepatic vein \ 

Fig. 2.7. Diagrammatic, view of the circulatory system of Branchiostoma. 


posterior cardinal 


Respiratory mechanism 

l he wall of the pharynx is highly vas¬ 
cular. The water current entering into the 
pharyngeal cavity brings fresh oxygen dis¬ 
solved in water. The gill-bars contain blood 
vessels with many lateijal branches. The 
blood circulates so close to the surface that 


have many branches which lead into the 
lacunae called the myocoel (the space bet¬ 
ween the myotomies and the body wall). 
The whole of the intestine and the hepatic 
diverticuluin have extensive blood plexus. 
True capillary system is absent in Bran¬ 
chiostoma. The blood from the tail region 









PHYLUM CHORDATA-INVERTEBRATE CHORDATES 


15 


is collected by a caudal vein . It proceeds 
forward to join with the subintestinal vein . 

. The subintestinal vein collects blood from 
the intestinal plexus . This vein runs into the 
hepatic diverticulum as the hepatic vein 
and from there the blood is carried to the 
sinus venosus. The blood from the ventro- 
lateral sides of the body wall is collected 
by two pairs of cardinal veins —the anterior 
cardinals and the posterior cardinals . The 
anterior and posterior cardinals of each 
side unite to form a common cardinal or ductus 
Cuvieri which passes ventrally to join with 
the sinus venosus. 

The sinus venosus, ventral vessel, bran- 
^chial bulbs, nephric glonierulac and sub- 
intestinal vein are contractile. The rate of 
.contraction is very slow and occurs once 
^in two minutes. The phenomenon of con- 
■ traction is irregular and is not controlled 
by any coordinated system. The course of 
circulation in Amphioxus is as follows. 
(1) The blood circulates from the posterior 
to the anterior end through the ventral 
vessel, subintestinal vein and the posterior 
cardinal veins. Whereas (2) the paired and 
unpaired dorsal aorlac and the anterior 
cardinal veins drive blood from the an- 
4 terior to the posterior direction. 

EXCRETOR Y SYSTEM 

The main excretory organs of the Bran- 
chiostorna are the nepiiridia. The nephri- 


sac corresponds to each primary gill-bar 
and opens by a nephridiopore to the atrium. 
A large number of elongated tubular flame 
cells or solenocytes open into the vesicle 
(Fig. 2.8A). Each solenocyte has a long 
tubular stalk with a tiny balloon-like cell- 
body at the terminal end. The cell-body 
gives off a flagellum through the hollow 
stalk which helps in eliminating the waste 
products (Fig. 2.8B). The solenocytes be¬ 
come associated with nephric glomerular 
sinus which separates the solenocytes from 
the coelomic epithelium. The excretion takes 
place through the wall of the solenocytes 
and passes down into the cavity of the 
vesicle through the tubular part. The neph- 
ridia are ectodermal in origin. The pre¬ 
sence of nephridia in Branchioslorna 
peculiar, because these structures are not 
present in any other chord ate. 

Nephridium of Matschkk. Besides, the 
nephridia, a tube called the nephridium oj 
Halschek is regarded to be excretory in 
function. It arises from the mouth ancipro- 
ceeds forward to the right side of the*noto¬ 
chord. 

• • 

Miscellaneous excretory organs 

brown funnels. A pair oi brown funnels is 
also claimed to play the excretory role. 
These are blind sac-like bodies of the ante¬ 
rior end of atrium and protrude into the 
epibranchial coelom. Although these are 
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Fig. 2.8. Nephridial structures in BranchiosUmui. A. Lateral view of a nephridium (after Jollie).^ 
B. Enlarged sectional view of a biuich of solenocytes. 


di^ are situated above the pharynx. Each 
nephridium is a bent vesicular sac having 
one horizontal and one vertical limbs . The* 
nephridia are segmentally^arranged. Each 


assigned to be excretory structures by many 
workers, these are possibly receptor organs. 

atrial wall. Groups of cells in the atrial 
wall subserve the' excretory function. 
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gonads. Inside the gonads, particularly 
in the testes, there are yellow masses con¬ 
taining uric acid. These masses are ex¬ 
pelled along with the gametes. 

NERVOUS SYSTEM 

The nervous system of Branchiostoma 
consists of*a hollow dorsal nerve cord situated 
just above the notochord. The anterior 
part of the nerve tube is slightly dilated to 
form the brain and the posterior part re¬ 
mains as the spinal cord. The nerve tube 
gives paired nerves in each segment of the 
body. The paired nerves are the dorsal 
and ventral nerves which remain separate. 
The ventral nerve.* root lies opposite to the 
myotome and the dorsal nerve root passes 
out between the myotorncs. The nerves are 
non-myelinated, i.e., the nerves are not cn- 
sheathed by a thick myelin sheath as seen 
in the nerves of vertebrates. The ventral 
root carries the motor fibres, but the dorsal 
root is mixed. It carries motor fibres for the 
non-niyotoinic muscles and sensory nerves 
for the segment. 

At the anterior end of the nerve tube, the 
neurocoel * becomes enlarged to form a 
ventricle. 'The first two anterior dorsal nerves 
emerge but from it, but the corresponding 
ventral nerves are lacking. These two 
nerves convey the impulses from the recep¬ 
tors of the oral hood arid buccal cirri. An 
infundibular organ is present on the ventral 
wall of the ventricle (Fig. 2.9). It 


neuropore which becomes closed in the adult. 
The region of the closure is marked by 
a depression called Kolliker's pit . The 
anterior end of the ventricle contains pig¬ 
mented cells and sensory cells. These are 
regarded as photoreceptors. But the 
photoreceptive function of these cells has 
not yet been experimentally proved. The 
photosensory cells, present in the spinal 
cord arc actually the photoreceptors. This 
is quite evident from the experiment con¬ 
ducted by Parker. A beam of light will 
initiate movements of Branchiostoma only 
when the light falls on the body, not when 
directed on the head. 

The spinal cord has a narrow central 
lumen and has, like that of vertebrates, 
the orientation of “grey matter” and “white 
matter”. The “grey matter”, i.e., the cell 
layer is present surrounding the canal and 
the “white matter”, i.e., the fibrous layer 
is situated on the outer side. Scattered in' 
the spinal cord there are photosensory cells 
(eye-spots) enclosed by a cup of pigment 
granules, the cells of'Joseph? and Hesse and 
the giant cells of Rhodes (Fig. 2.9). The 
cells of Hesse arc distributed along the 
inner side of the tube along the entire 
length, whereas the cells of Joseph are 
present anteiodorsally. The giant cells 
of Rhodes have many dendrites and 
one axon. The axon of the anterior 
giant cells proceeds backward and that 
of the posterior ones run forward. The 



Fig. 2.9. Nervous system of adult Brancfimtoma. The brain is sectioned longitudinally to show the 
details (after Young). 


consists of tall cells with strong cilia. This 
organ gives origin to Re issuer's fibre which 
proceeds posteriorly along the nerve tube. 
The Reiss ner’s fibre is comparable to 
that of* the vertebrates. The cells of the 
infundibular organ contain neurosecretory 
material as observed in the fibres of the 
vertebrate hypophysiaforgan. In the young 
stage, the ventricle opens through a 


giant cells are absent between 13-39 
segments. 

Branchiostoma lacks special sense or¬ 
gans. The receptors of the buccal cirri are 
responsible for the sense of touch. The 
velum contains chernoreceptors. The im¬ 
portant sensory units are the photosensory 

! :ells scattered in the spinal cord. The 
unction of the infundibular organ is not 
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ilcfinitely known. It is probably a gravity 
Or pressure receptor. 

REPRODUCTIVE SYSTEM 
The sexes are separate in Branchiostoma. 
The gonads are simple pouch-like segmen¬ 
tal organs situated in "the ventrolateral 
sides of the pharyngeal region between the 
10th to 30th segments. The gonads pro¬ 
liferate from the mesodermal cells and 
the gametes develop from the walls of the 
gonads. It is claimed that each gonad deve¬ 
lops from a single cell. The gonoducts are 
absent and the gametes are discharged into 
the atrium by dehiscence. From the atrium 
the gametes escape to the exterior through 
the atriopore along with the water current. 
Fertilization and development occur in 
sea water. The eggs are small but contain 
yolk. 

DEVELOPMENT 

The development of Branchiostoina is 
shown in Figure 2.10. 'The cleavage is holo- 
blastic and the blastomcres are slightly un¬ 
equal in size. The bias tom eres arrange 
themselves to form a hlastula enclosing a 
blastococl. The roof of the bfistula con¬ 
tains comparatively smaller hlastorneres 
and the floor is composed of rather large 
cells. The gastnilation starts with the in¬ 
vagination of the larger cells to form the 
archcnteron. The blastopore is persistent and 
transforms into the anus. The gastrula be- . 
comes covered with large cilia which help 
in the rotation of the embryo. Due to the 
invagination and enlargement of the ar- 
rhenteron the original blastococl is obli¬ 
terated, and the gastrula becomes double- 
walled (Fig. 2.1 OH). The embryo now 
elongates along the antero-postcrior axis 
and transforms into a neurula stage. The 
neurula stage is characterised by the pre¬ 
sence of a neural tube which is formed by 
the unfolding of the dorsal ectoderm. At 
this time the innermost layer, i.e., the lin- 
ning of the archcnteron produces two 
lateral pouches, one on each dorsal side 
of it. These pouches arc the source of future 
mesoderm and the cavities are that of the 
primordial coeloms (Fig. 2.10 I, J). The 
pouches become subsequently cut off from 
the archcnteron. The coelom, in Branch¬ 
iostoma,* is enterocoelous in origin. The 
notochord develops from the dorsal wall of 
the archenteron. 

The overlying layer of the embryo is the 
embryonic ectoderm which develops into 
the skin and the neural tube. The archen- 

9 



Fig. 2.10. Developmental sequences of Branchiostoma. 

A. Zygote prior to segmentation. B. Two-celled 
stage. C. Four-celled stage. D. Eight-celled stage. 

E. Thirty two-celled stage. F. Blastula. G. Early 
gastrula. H. Late gastruhi. I. Three somite-stage.^ 
The mesoderm and nerve cord have been differen¬ 
tiated. J. Six somit'e-stage. Complete separation of 
mesoderm with the coelom is noticed. K. Longitu- 1 
dinal section of Branchiostoma immediately after ' 
hatching. Note that the F-K arc all sections! Yi«WS. 




18 


BIOLOGY OF ANIMALS 


teron wall differentiates into the endoderm 
and the notochord is an endodermal deri¬ 
vative. The outpouchings of the archen- 
tcron wall transform into the mesoderm. 
These pouches proceed ventrally on the 
two sides of the gut and forms the splan- 
chnopleure when applied to the gut wall 
and the sopiatopleure when attached to the 
body wall. The splanchnopleure on the 
sides of neural tube develops into the myo- 
tomes and fin-ray boxes. 

The larva becomes active when it attains 
two gill-slits and moves about by its epi¬ 
dermal cilia. The mouth develops as a 
round aperture. The endostyle develops 
gradually. The larva with eight pair of gill- 
slits remains unchanged for a considerable 
period and many paired gill-slits appear 
on the pharyngeal wall as a result of sub¬ 
division of these gill-slits. The larva then 
sinks dow r n to the bottom and becomes 
metamorphosed into an adult. In a few 
species of this genus, the larval stage con¬ 
tinues for a longer period and the larva 
cveri*shows the development of gonads. 
For this reason it was wrongly thought to 
be a new .genus Amphioxidcs. 

HISTORY- 

The first individual of this group was 
described by Pallas in 1774. He regarded 
the specimen as a slug and named it Limax 
laticcolatus . Yarrell (1836) studied the ani¬ 
mal in details and gave the name Amphio - 
xus lanccofatvs. Costa (1834) suggested the 
name of the genus as Branchiostoma. Since 
then the biological name of the genus is 
established as Branch:osfoina according to 
the laws of priority. 

AFFINITIES AND SYSTEMATIC POSITION 

Since its discovery, attempts have been 
made from lime to time to determine 
the biological status of Branchiostoma. 
A number ol groups of animals has been 
claimed to be related to Branchiostoma. 

Interphylar Relationships 

Many non-chordates have been regar¬ 
ded to be phylogeneticallv connected with 
Branchiostoma. 

Relationship with Annelida 

_ The concept of ahnuidan relationship 
with the Branchiostoma was mainly spon¬ 
sored by Dohrn, Semper and Minot. The 
following features arc common in the two 
groups: (1) The body*is bilaterally sym¬ 


metrical and segmented. (2) The nephridia 
arc segmentally arranged and are provided 
with solenocytes. (3) Presence of well- 
formed coelom. (4) Similarity in the dis¬ 
position of the blood vascular system. But 
this idea was confronted to serious difficul¬ 
ties, because the fundamental organisation 
of Branchiostoma differs widely from that 
of annelid. The points of homology be¬ 
come very difficult to establish on scientific- 
grounds. In the annelids the segmentation is 
present throughout the entire length of the 
body, whereas in Branchiostoma the segm¬ 
entation is restricted only to the myotomal 
region. The development of coelom is also 
different. It is schizocoelic in annelids and 
enterocoelic in Branchiostoma. Although 
the arrangement of the main longitudinal 
vessels is more or less similar in both, the 
direction of the flow' of blood is diametri¬ 
cally opposite. Branchiostoma possesses all 
the diagnostic features of the chordates, 
like the notochord, dorsal tubular nerve 
cord and gill-slits. None of these three 
structures is observed in annelids, although 
‘Fascrstrang’ is liomologised with the noto¬ 
chord. 

Relationship with Mollusca 

The ciliary mode of feeding and aerat¬ 
ing mechanism in Branchiostoma resemble 
closely that of oysters. At the time of its 
discovery, Pallas (1774) regarded the speci¬ 
men t o be a slug and named it as Umax. The 
segmentation in Branchiostoma is a very 
important characteristic, but in molluscs 
the body is mostly unsegmented. The 
molluscan locomotory organ (foot) has 
no parallel in Branchiostoma. The ana¬ 
tomy of Branchiostoma is completely diff¬ 
erent from that of molluscs. The superficial 
semblances in the feeding and respiratory 
mechanisms may be interpreted as the 
result of physiological convergence for 
similar mode of living and it: has no 
phylogenetic significance. 

Relationship with Echinodermata 

The phylogenetic relationship of the 
Branchiostoma wdth the echinoderms is 
quite convincing. The formation of coelom 
and mesoderm is strikingly similar in these 
two groups. The perforations in the calyx 
of some carpoid echinoderms are compared 
with the gill-slits of Branchiostoma. Bio¬ 
chemical studies also testify the common 
ancestry of the two groups of animals. 
The presence of creatine phosphate 
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during energy transfer in ophiuroids and 
Branchiostoma, the phosphagens in echi- 
noderms and Branchiostoma are the most 
important supporting biochemical eviden¬ 
ces on this line. Echinoderms hold the key 
of chordate origin. The structural simila¬ 
rities of the Branchiostoma with the echi¬ 
noderms are possibly due to inheritance 
from common ancestry. 

Intraphylar Relationships 

Inclusion of Branchiostoma under the 
phylum Chordata is universally accepted, 
because it possesses the notochord, dorsal 
tubular nerve cord and gill-slits. But its 
relative status within the phylum is still 
uncertain. 

Relationship with Hemichordata 

The hemichordates and Branchiostoma 
show many structural similarities. The 
similarities are: (1) The pharyngeal 
apparatus has similar structural construc¬ 
tion. (2) Close similarity in (ceding and 
respiratory mechanisms. (3) The develop¬ 
ment and arrangement of coclomic sacs are 
similar. These similarities arc due to their 
emergence from a common echinodcnn 
ancestor. But as regards its relative position, 
Branchiostoma occupies higher rank than 
the hcrmchnrdatcs. In hemichordates the 
muscles are unsegmented and most of the 
structures are rudimentary in nature. Be¬ 
sides, the existence of notochord in hemi- 
chordates has been questioned and the 
nervous system as a whole is built on more 
of nonchordale fashion. Considering all 
these points, the hemichordata must be 
regarded to be primitive than Branchio¬ 
stoma from the evolutionary point of view. 

Relationship with Urochordata 

The urochordates and Branchiostoma 
are closely related with one another. The 
developmental story of urochordates pro¬ 
vides the firm evidence to this view. The 
tadpole larva of urochordates resembles 
Branchiostoma very closely by the follow¬ 
ing features: (1) Presence of a continuous 
notochord. (2) A hollow nerve cord is 
located above the notochord. (3) The 
pharynx bears endostyle, dorsal lamina and 
peripharyngeal grooves. (4) The tail bears 
tail fin. The adult urochordates are extre¬ 
mely retrogreted forms. The feeding and 
respiratory mechanisms are similar. Most 
of the structures are evidently homologous 
and furnish a convincing evidence of closest 


phylogenetic relationship between the uro¬ 
chordates and Branchiostoma. 

Relationship with Cyclostomata 

The Ammocoetcs larva of lamprey is 
strikingly similar to Branchiostoma. Both of 
them have the following features in com¬ 
mon: (1) The mouth is surrounded by an 
oral hood (2) A velum is present which 
guards the mouth. (3} An endostyle is pre¬ 
sent. (4) The body hears a continuous dor¬ 
sal median fin. Branchiostoma resembles 
the adult cyclostomcs, specially by having 
myotorncs, persistent gill-slits and velum. 
But the absence of cranium, vertebral 
column and paired sense organs in Bran¬ 
chiostoma stands on (he way. Because of 
the similarities, many authors regarded 
Branc hiostoma as a permanent larval form T 
of some species ol cyclostomcs exhibiting a 
case of ‘pacdogcncsis’. Bid such a view 
requires more supporting evidences in its. 
favour. 

From the foregoing discussion /m the 
anatomy arid affinities of Branchiostoma, 
the systematic position appears to be 
unsettled. But its inclusion in the phylum . 
Chordata is conclusive. Branchiostoma 
possesses an admixture of primitive, specia¬ 
lised and degenerated characters. In spite 
of the fact, it is regarded to be the verte¬ 
brates closest of kin, i.c., it represents a 
grade of structural organisation not too 
far from the vertebrate ancestor. Because 
of its degeneracy and semisedentary habit, 
Branchiostoma should not lie regarded to 
be in the direct line o( vertebrate evolution. 
An animal, showing degeneration in Sue 
hand and special isation on the other, can not 
possibly react to any evolutionary change. 
However, leaving aside all such contro¬ 
versies. it can be stated that Branchiostoma 
represents a fair theoretical picture, of a 
chordate and fulfils the definition of Chor¬ 
data in its strict sense. 


SUBPHYLUM HEMICHORDATA 
(- ADELOCHORDATA OR 

STOMOCHORD ATA) 

IMPORTANT FEATURES 
The subphylum Hemichordata includes 
marine forms. The^ are either tube-dweL ? # 
ers or burrowing forms. Theliody is divid¬ 
ed into three regions proboscis (protosome ). 
collar {me so some) and trunk ( mdasome ). The 
gill-slits arc variable in number. The 
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Hemichordate (literally meaning half- 
chordatc) forms a sort of structural bridge 
between the invertebrates and chordates. 

OUTLINE CLASSIFICATION 

The subphylum Hcmichordata is classi¬ 
fied into three classes, Enteropfleusla, 
Pterobranchia and Planctosphaeroidea. 

Example of the Hemichordata 

BALANOGLOSSUS 
Balanoglossus is a widely distributed 
animal and inhabits all the seas of the 
world. The name Balanoglossus came from 
two Greek words, balanos meaning an acron 
. and glossa meaning longue which accords 
to the shape of the proboscis. 

HABIT AND HABITAT 

Balanoglossus is a burrowing animal. Tt 
may conceal under the stones or aquatic 
weeds. It is mostly an inhabitant of inter¬ 
tidal zone, although a few descend down 
to about 100m of the sea. Balanoglossus 
excavates its own burrows in sand or 
sandy mud. The burrow of Balanoglossus 
'clavigerus is TJ-shaped with two openings 
10 to 20 cn^apart (Fig. 2.11). The anterior 



~ Fig. 2.11 Balanoglossus lives in tJ-shaped burrow. 

end of the burrow is funnel-like and the 
posterior end is round. The anterior verti¬ 
cal part of burrow may be branched. The 
animal moves inside the burrow. When the 
tide starts ebbing, the proboscis protrudes 
put of the burrow to explore the surface. 


The posterior end also projects out to expel 
the faecal matters. A constant secretion of 
mucus over the body causes adhering of 
sand grains over the body in the form of 
cast. Balanoglossus emits a peculiar odour 
resembling that of iodoform. This is re¬ 
garded as a protective device. Balanoglos¬ 
sus is a sluggish animal and the proboscis 
is the most active part of the body. Burrow¬ 
ing process is exclusively done by the pro¬ 
boscis. The proboscis becomes elongated 
by the contraction of circular muscles and 
the shortening of the proboscis is caused by 
the contraction of its longitudinal muscles. 
The two sets of muscles are so coordinated 
that when one set contracts the other set 
relaxes and vice versa. Balanoglossus is less 
sensitive in response to external stimuli. It 
takes sand containing diatoms, protozoans 
and many oilier micro-organisms. The 
larval form ( Tarnana larva) of Balanoglossus 
is a free-swimming planktonic form. 

EXTERN A V. STRIJCIIIIR ES 

Balanoglossus is an elongated and worm- 
like animal. The length of the body ranges 
from 10-15 cm. The body is divisible into 
three major parts -the proboscis or p>oto- 
sotne , collar or msnsume and trunk or met a- 
sorne (Fig. 2.12A). The trunk is further 
subdivided into an anterior In anchiogenital 
region, a median hepatic and the posterior 
caudal or post hepatic region. 'The proboscis is 
a short, club-shaped structure forming the 
anteriormosr division of the body. 'I'he 
proboscis narrows posteriorly to a proboscis 
stalk. It is hollow and communicates with 
the exterior by a single proboscis pore situat¬ 
ed on the left side of the proboscis. The 
median part of the body consists of a flap 
of muscular tissue forming the collar. The 
proboscis is anterior to the collar. The 
proboscis stalk and a part: of the posterior 
part of the proboscis arc concealed by the 
collar. The collar cavity is paired and 
opens to the exterior by two apertures. 
The collar houses the mouth on the 
ventral side (Fig. 2.12B). The trunk is 
extremely long. The branchiogenital re¬ 
gion is marked by a pair of thin flap-like 
longitudinal genital ridges which contain 
the gonads (Fig. 2.12C). Double rows of 
gill-slits arc present on the dorsal surface of 
this region. The gill-slits increase in num¬ 
ber as the animal grows older. The gill- 
slits are placed on a prominent elongated 
ridge. The hepatic region is externally 
marked by the sacculations of the intestine. 
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Fig. 2A2. A. External structures of a Balaringlossus. Note that the body . is divided into three distinct 
parts. B. Diagrammatic saggitai section of the anterior end of Balanogfoisus showing the disposition 
of different internal structures in the proboscis, collar and branchiogenital portion of the trunk, 
C. Transverse section of the anterior end of the trunk. 


The caudal region is more or less uniform 
in diameter and is marked externally by 
annulations. The trunk bears a midventral 
and a middorsal ridge which contain the 
longitudinal blood vessels and the long-' 
itudinal nerve. 

BODY WAIT 

The body wall is composed of a ciliated 
epidermis . The ciliated cells are mostly tall 


and slender. 7‘he gland cells are also pre¬ 
sent in the epidermis. There are three types 
of gland cells: (1) Reticulate gland cells , where 
the cytoplasm contains mesh-like reticulum, 
(2) Mulberry gland cells, having coarse granu¬ 
les and (3) Goblet cells , which are filled up 
with fine granules or the cytoplasm is 
homogeneous (Fig. 2.13A). The cell body 
is divided into two parts—a distal flask¬ 
shaped expanded portion and a proximal slender 
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Fig. 2.1 ii. A. Section of skin of Baiamglossus. 11. The proboscis skeleton of Balunogtossus. C. Skeletal 
supports of the gill apparatus of BalnnugUtssus (after Hyman). 


stalk. The stalk e xtends upto the base of the 
epidcrifiis. T he base of the epidermis is 
occupied by a thick nervous layer. A very 
thin connective tissue layer is present bet¬ 
ween the nervods layer and the epidermis. 
The nervous layer is separated internally 
by a well-developed basement membrane. 
The basement membrane is made up of two 
lamellae closely applied with one another. 

Beneath the basement membrane, lies 
the muscular sheath. The circular muscle 
fibres are present in the proboscis and in the 
iunncl-like anterior end of the collar (col¬ 
larette) . In the trunk region only longitu¬ 
dinal muscle fibres are recognised. The 
muscle fibres are of smooth variety. The 
inner side of the body wall is lined with 
parietal eoelornie epithelium. 

SUPPORTING STRUCTURES 

NOTOCHORD OR BUCCAL DIVERTICULUM OR 

STOMOCHORD 

The so-called ‘notochord’ in Balanoglos- 
sus is a questionable structure. The thick- 
walled anterodorsal hollow prolongation 
of the buccal cavity ( buccal diverticulum) (see 
Fig. 2.12B) is considered by many workers, 
specially by Bateson (1885) as the noto¬ 
chord. It is called the Stomochord by Willey 
(1899). It extends into the proboscis cavity 
£hd is covered over by a sheath of base¬ 
ment membrane. It is composed of tall 
vacuolated endoderrnal cells. But topo¬ 
graphically as well as devclopmentally this 
structure is quite unlike the true notochord 


of other chordatcs. The buccal diverticu¬ 
lum,. according to most of the modern 
workers, is a preoral extension of the 
buccal cavity. 

PROBOSCIS SKELETON 

The basal part of the proboscis stalk and 
the roof of the buccal cavity arc supported 
by a skeletal structure called the proboscis 
or nuchal skeleton. It is an ‘Y’-shaped body 
and is composed of cartilagcnous tissue. 
It has a median plate with two limbs (horns) 
diverging backwards (Fig. 2.13B). The 
proboscis skeleton has a lamellate body 
and is formed by the thickening of the base¬ 
ment membrane. The median plate is 
situated in the proboscis stalk and occu¬ 
pies a median position between the buccal 
diverticulum and the buccal epithelium. 
The median plate bears a mid ventral keel. 
The horns diverge posteriorly to support 
the roof of the buccal cavity. 

Branchial skeletal rods 

The tongue bars and their septa arc sup¬ 
ported by skeletal rods. These skeletal rods, 
like those of proboscis skeleton, are formed 
by the thickening of. the basement mem¬ 
brane. Each skeletal piece has got the 
appearance of a hair pin. One prong of 
the skeleton is present in the septum and 
the other lies in the tongue (Fig. 2.13C), 
i.e., each tongue bar and septum get two 
prongs from two skeletal pieces. The skeletal 
pieces of the adjacent septa are connected 
bv transverse rods called the synapticulae. 
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LOCOMOTION 

Balanoglossus is a sluggish animal and 
spends^most of its time in burrows. The 
cilia present on the outerside of the body 
help in locomotion. The animal moves by 
alternate lengthening and shortening of 
the body produced by the action of muscle 
fibres. It moves first by the vigorous for¬ 
ward protrusion of the proboscis and collar 
and then draws the rest of the body towards 
the direction of movement by dragging. 
The relative position of the buccal diverti¬ 
culum and the proboscis skeleton makes t he 
proboscis and collar stiff. The stiffness of 
the proboscis and collar helps in burrowing 
through the sand. Balanoglossus utilises the 
cilia for normal movement and the muscles 
are employed only during emergency escape. 

COELOM 

Balanoglossus possesses a spacious eoc- 
loin. The coelom is cnterococlous in origin 
and is lined by coclomic peritoneum. The 
original cavity of the coelom is greatly 
reduced by the presence of fibrous net¬ 
work and muscle fibres. In some regions the 
coelomic epithelium is found to be lacking 
due to its transformation into other tissues. 

Coelornic sacs are present in the body 
of Balanoglossus. The proboscis coelom is an 
unpaired cavity. This cavity is greatly 
reduced by the connective and muscular 
tissues except a central space which accom¬ 
modates the proboscis complex The buccal 
diverticulum, central sinus, heart vesicle 
and glomerulus constitute the proboscis 
complex. The proboscis coelom opens to 
the exterior through a proboscis pore by 
way of tubular proboscis canal . In all species 
under this genus have one proboscis pore 
and canal, but Balanoglossus auslraliensis has 
two such canals and pores. Such occurrence 
is an individual variation. The collar coelom 
is shift ed as a pair of sacs between the buccal 
tube and the collar wall. The collar coelom 
and the proboscis coelom arc not. communi¬ 
cated with one another. Absence of septum 
between the proboscis and collar is an impor¬ 
tant feature in the anatomy of Balanoglos¬ 
sus. The dorsal and ventral mesenteries 
separating the collar coeloms arc mostly 
incomplete. In the proboscis stalk the pos¬ 
terior end of the proboscis coelom and the 
anterior end of the collar coeloms secrete a 
stiff chondroid tissue . It resembles the verte¬ 
brate cartilage and surrounds the main 
plate of the proboscis skeleton as a network. 
The collar coeloms communicate to the 


exterior by the collar tubes and collar pores . 

Like that, of collar coeloms, the trunk 
coelom is divided into two lateral halves by 
the presence of dorsal and ventral mesen¬ 
teries. The former one is incomplete at 
many places which permit mixing of coe- 
lomic fluid in the two trunk coeloms. The 
ventral mesentery is complete* The collar 
coeloms and the trunk coeloms are sepa¬ 
rated by collar-trunk septum. Each trunk 
coelom projects into the collar in the form 
of two evaginations, one is digit!form called 
the perihaemal space, and the other is peri¬ 
buccal spare. The peribuccal spaces are less 
developed in this genus. T he evaginations 
push the collar-trunk septum into the 
collar and thus make the collar coelom 
complicated. 

The coclomic fluid contained in the diff¬ 
erent coclomic cavities is different in com¬ 
position. As the proboscis coelom and the 
trunk coeloms have external communica- • 
dons, the coclomic fluid contains largely 
the sea water. But the coclomic fluid present 
in the trunk coeloms has amoeboid coelo- 
mocytes and the fluid is coagulated in 
histological fixatives. • * 

DIGESTIVE AND RESPIRATORY SYSTEMS 

The alimentary canal is a straight; tube 
running between the mouth and anus. It is 
peculiar because musculature is absent. The 
mouth is a large opening situated on the 
ventral side of the collar. Formerly, the 
mouth was regarded to remain perman¬ 
ently opened. But Knight-Joncs has shown 
that the mouth is capable of being closed # or 
opened. There are two sets of muscle fibres, 
the radial fibres which open the mouth and 
the sphincter muscles which close it;. The 
mouth leads into a short buccal tube contain¬ 
ed in the collar. From the roof of the buccal 
tube, a buccal diverticulum is protruded 
in to the proboscis coelom. The details of the 
buccal diverticulum is already discussed 
under the heading supporting structures. 
The buccal tube opens into the pharynx. 

The pharynx is an elongated structure 
and plays the double role of food concen¬ 
tration and respiration. The physiological 
differences are marked by the morpholo¬ 
gical divisions of the pharynx. A paraphary¬ 
ngeal ridge on each side divides the cavity 
of the pharynx in to* two incomplete halves 
—a dorsal respiratory half pierced by gill- 
slits and a ventral half helps in food con¬ 
centration (see Fig. 2.12G). The pharynx 
leads into a short oesophagus which is fol- 
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lowed posteriorly with the intestine . The 
intestine is a straight tube and is distin¬ 
guishable into an anterior hepatic region, 
marked by the sacculations of the dorsal 
wall of the intestine, and a narrow post - 
hepatic region that opens to the exterior 
through the anus. 

The braftchial region of the pharynx is 
perforated by a longitudinal series of gill- 
slits. The number of gill-slits varies and the 
number increases as the animal grows 
older. Each gill-slit is a U-shapcd aperture 
(Fig. 2.14A). In Balanoglossus, the gill-slit, 




Fig. 2.14. A. Diagrammatic section of the body 
wall of the branchiogcnital pail of the trunk of 
Balanoglossus showing the relationship of branchial 
pouches with the pharynx. B. Developmental events 
of tongue bars in Balanoglossus (after Jollie). 


starts development as an oval slit. Subse¬ 
quently the dorsal end of the aperture pro¬ 
jects downwards as the tongue bar (Fig. 
2.14B). The tongue bars are immovable 
and remain fixed. The tongue bar does not 
touch the ventral side qf the gill-slit as a 
result each gill-slit assumes a U-shaped 


appearance. The portions of the pharyn¬ 
geal wall separating the successive gill-slits 
are called the septa. The septa are solid, but 
the tongue bars are hollow which contain 
the coelomic cavity. The septa and the 
tongue bars are supported by skeletal rods. 

The gill-slits have no direct openings to 
the exterior. Each gill-slit leads into a 
pouch-like cavity called the branchial sac 
which in turn opens to the exterior by the 
gill-pore. All the species under the genus 
Balanoglossus have separate gill-pore for 
each branchial sac, but in Balanoglossus 
misakiensis, the first four branchial sacs fuse 
with each other and open to the exterior 
through a common gill-pore (see Fig. 2.16A). 
The gill-pores are situated along a long¬ 
itudinal groove called the branchiogenital 
groove which also contains the gonopores. 

Feeding and digestion 

Balanoglossus takes sand as it burrows 
through the sand. The mucus, secreted by 
the proboscis, entangles the sand or other 
food particles from the surrounding region. 
The mucus coated particles arc pushed 
directly into the mouth by the action of 
cilia (Fig. 2.15). The cilia in the gill 
apparatus indirectly help in feeding process, 
because a ciliar y cun cut is always main- 
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tained through the mouth by tfie lashing 
of the cilia.operating there. 

The process of digestion is not known in 
Balanoglossus. But in a related genus, 
Saccoglossus , the process of digestion has 
been recorded. As described earlier, the 
entire alimentary canal is ciliated and the 
backward beating causes the movement of 
the food posteriorly. Peristalsis is observed 
in the first sector of the alimentary canal. 
The oesophagus is the most glandular part 
of the alimentary canal and is regarded 
to be the site of secretion of enzymes. The 
proboscis slime contains amylase. The 
hepatic region of intestine produces traces 
of protease, maltase and lipase. 

Respiratory mechanism 

Like cephalochordates, the cilia present 
in the gill apparatus and in the pharyngeal 
cavity help to maintain a powerful current 


of w r atcr. The water current enters into the 
mouth and goes out through the gill-pores; 
The incoming water current brings food 
as well as fresh oxygen dissolved in water. 
During the expulsion of the water through 
the gill-pores, the carbon dioxide goes out 
along with the exhalant water current. 

CIRCULATORY SYSTEM 

The circulatory system is well-developed 
in Balanoglossus (Fig. 2 1 GO)- It comprises 
of blood, propiilsatory heart vesicle, defi¬ 
nite blood vessels and lacunar spaces. The 
blood is colourless and contains a few de¬ 
tached endothelial cells. 

There are two main longitudinal blood 
vessels running along the; length of the 
.body. The dorsal vessel is situated just below 
the dorsal nerve cord and is contained in the 
dorsal mesentery. The blood flows anter¬ 
iorly through the dorsal vessel. The ventral 
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Fig. 2.16. A. Longitudinal section of a side wall of branchiogenital portion of trunk in Balanoglossus. 
Note that the first four gill-slits open by a common gill-pore. B, Circulation in, branchial apparatus of 
Balanoglossus. G. Circulatory system of Balanoglossut . 
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vessel is located in the ventral mesentery 
and in it the blood flows posteriorly. These 
two blood vessels are highly contractile 
and the walls are composed of an inner 
endothelium surrounded by muscle layer. 

The dorsal vessel extends from the anus 
to the collar where it takes a median posi¬ 
tion between two perihaemal cavities. The 
dorsal vessel at this region expands to form 
venosus sinus which passes anteriorly into 
a central sinus or heart. The central sinus is 
situated above the buccal diverticulum. 
Immediately on the dorsal side of the cen¬ 
tral sinus there is a triangular sac called 
the heart vesicle. The blood passes directly 
into the glomerular cavities from the cen¬ 
tral sinus. From the glomerulus, the blood 
is collected by the lour vessels. These ves? 
sols are regarded as the arteries because the 
blood leaving the glomerulus is regarded 
to be purified The arteries are: (1) a mid- 
'dorsal proboscis artery , (2) a midventral pro¬ 
boscis artery and (3) two efferent glomerular 
arteriesi The middorsal and midventral pro¬ 
boscis arteries supply blood to the proboscis 
wall. 'The efferent glomerular arteries run 
backward on the two sides of the buccal 
diverticulum* These vessels then run ven- 
trally to encircle the buccal tube *as the 
peribuccal arteries. 'The peribuccal arteries 
unite together ventrally to form the ventral 
longitudinal vessel. 

The ventral longitudinal vessel gives 
origin to a ventral collar vessel to supply the 
collar. The collar tissues contain two 
distinct lacunar networks which commu¬ 
nicate posteriorly with a ring vessel. The 
ring vessel is located in the collar-trunk 
septum. It arises from the ventral longitu¬ 
dinal vessel and is connected with the 
dorsal longitudinal vessel. The ventral 
longitudinal vessel continues up to the anus 
and gives off lacunar networks all along 
the alimentary canal. The ventral longi¬ 
tudinal vessels give out a vessel in each gill 
septum which bifurcates to supply the two 
adjacent tongue-bars. 'Thus, each tongue- 
bar receives two afferent branchial arteries 
which break up into a plexus. From this 
plexus an efferent branchial vein is formed. 
It runs dorsally opto the middle of the 
tongue bar and joins with the efferent 
branchial vein of the adjacent tongue bar. 
The common branchial vein opens into the 
dorsal longitudinal vessel (Fig. 2.16B). The 
blood from the intestinal plexus in the 
trunk region is collected -mostly by the 
dorsal longitudinal vessel. 


EXCRETORY SYSTEM 

A mass of coelomic paginations in the 
proboscis complex is regarded as the excre¬ 
tory organ. Because of its similarities with 
the glomeruli of vertebrate kidney, the 
organ is regarded as the glomerulus. The glo¬ 
merulus is situated on either sides of the 
heart vesicle and assumes the shape of the 
heart vesicle and the central sinus (see 
Fig. 2.12B). The cavities of the glomerulus 
are filled with blood which is confluent 
with the bloody of the central sinus. The 
covering of the glomeruli is composed of 
excretory cells called the nepkrocyt.es. 

Besides the glomerulus, some cells in 
the proboscis peritoneum, connective and 
chondroid tissues of the collar and pro¬ 
boscis are regarded to be excretory in 
function. These excretory cells are named 
as the paranephrocytes or arthrocytes. 

NERVOUS SYSTEM 

The nervous system of Balanoglossus re¬ 
presents a very primitive condition. It con¬ 
sists of an intraepidcrmal nervous layer at 
the base of the epidermis. The nervous 
layer is composed of longitudinal nerve 
fibres with bipolar and multipolar nerve cells 
at the margin. The nervous layer becomes 
thickened to form two nerve cords, one is 
situated in the middorsal and the other in 
the midventral lines of the trunk. The ven¬ 
tral and the dorsal trunk cords are connect¬ 
ed by a circumenteric or peribronchial nerve 
ring along the collar-trunk septum. The 
dorsal trunk cord in the collar leaves the 
epidermis and projects into the collar 
coelom as the collar cord or neurocord. 'The 
collar cord is situated above the buccal 
tube and contains a continuous lumen in 
other hemichordates. But such a lumen is 
not seen in Balanoglossus. The cellular 
nerve cord contains many giant nerve cells 
with axons projecting anteriorly and pos¬ 
teriorly. These are regarded to control the 
contraction of the body. In the base of’ the 
proboscis the nervous layer becomes thick¬ 
ened to form a circular anterior nerve ring. 
From the anterior nerve ring longitudinal 
nerve fibres are given out. There is no 
central nervous system in Balanoglossus. 
Isolates, from any part of the body, exhibit 
local reflex responses to touch or light source 
for a considerable period. 

There is no special organ oF sense. Ex¬ 
tending all over the body, there are recep¬ 
tor cells w'hich mostly respond to tactile 
stimulation. 
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REPRODUCTIVE SYSTEM 
Balanoglossus reproduces normally by 
sexual process. Asexual reproduction occurs 
very rarely. 

Sexual Reproduction 
The sexes are separate, but the males 
and females cannot be distinguished ex¬ 
ternally. The gonads arc sacculated bodies 
arranged as longitudinal rows outside the 
coelom of the branchiogenital region of* 
the trunk (see Tig. 2.120). Many secon¬ 
dary gonads are produced from the pri¬ 
mary gonads. Each gonad proliferates and 
bulges into the coelomic cavity. Each 
gonad is covered by somatopleure and 



forms a slender tubular neck which opens 
externally by a gonopore. The gonopores are 
situated in the branchiogenital groove. The 
gametes are discharged to the exterior and 
the fertilization is external. 

The eggs are small. The yolk content is 
very poor. # 

Asexual Rkproduution 

Asexual reproduction is an unusual 
phenomenon and occurs in Balanoglossus 
capensis which reproduces by separating off 
a small fraction of the body from the 
posterior end in summer. These fragments 
regenerate into sexual adults. 
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Fig. 2,17. Larval development in Balanoglossus . A. A full-grown Tornaria larva. B-C. Stages of 
subsequent metamorphosis of Tormina larva. D. Section through Tornaria larva showing the 
development of the buccal diverticulum (after Wilmoth), 
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REGENERATION 

Balanoglossus exhibits great regenerative 
potency. Isolated pieces from the trunk 
have the inherent property to regenerate 
the lost parts. 

DEVELOPMENT 

The development is indirect, i.e., the 
development is followed by the metamor¬ 
phosis of a well-developed larval form. 

Prelarval development. The prelarVal de¬ 
velopmental stages resemble closely to that 
of Branchiostoma. The cleavage is holoblas- 
Lic and occurs mostly along the radial planes. 
'The resultant blastornercs are approxima¬ 
tely equal, except the micromeres which 
are slightly smaller. A coeloblastula is pro¬ 
duced which is transformed into a gastrula 
by invagination within 24 hours. The deve¬ 
loping embryo elongates along the ante¬ 
roposterior axis and develops cilia. The 
mouth and the anus are formed anew. The 
coelom develops by enterococlic method. 
After about 24 to 36 hours, the embryo 
escapes as a larva. This larva was first 
observed by Johannes Muller (1850) who 
gave the iiam& tornaria because of its habit 
of rotating in circles. 

Larval development -Tornaria larva. The 

tomaria larva has an oval body with 
bilaterally symmetrical and looped ciliated 
bands (Fig. 2.17A). The size of the tornaria 
larva varies from 13 min. The mouth is 
present on the ventral side near the equa¬ 
torial plane of die body. The portion of 
the body anterior to the mouth is prolonged 
ip to a preoral lobe. Anterior end of the pre¬ 
oral lobe bears a distinct apical plate bearing 
nerve fibres, ganglionic nerve cells, a tuft 
of immobile cilia and a pair of pigmented 
eye-spots. The preoral and postoral ciliat¬ 
ed bands unite for a short distance at the 
apical plate. Another circular ciliated ring 
is present around the anus. The ciliary 
band is called the circumanal ciliated band or 
telotroch. The cilia in this band are long and 
powerful to act as the chief locomotory 
organ of tornaria. 'The anus is located me¬ 
dially on the posterior end of the body. The 
digestive tract is distinguishable into oeso¬ 
phagus, stomach and intestine. 

The tornaria larva possesses only one 
pair of gill-slits. Five coelomic cavities are 
present which exhibit the trisegmental 
condition of the body. Finally the tornaria 
larva sinks to the bottom and metamor¬ 
phoses into an audit (Big. 2.17B-C). The 
body becomes divided into three pans by 


two constrictions. It then undergoes mor¬ 
phological changes to become an adult. 

CLASSIFICATION 

CLASSIFICATION IN OUTLINE 
Subphylum Hemichordata or Adelo- 

CHORDATA OR STOMOCHOftDATA 

Class Enteropneusta, e.g., Protoglossus, 
Saccoglossm\ Balanoglossus , Spen- 
gelia. 

Class Pterobranchia, e.g,, Cephalodis - 
cus, Rhabdopleura and Atubaria . 

Class Planctosphaeroidea, e.g., Plan- 
ctosphaera pelagica. 

CLASSIFICATION WITH CHARAC¬ 
TERS 

The subphyliirn Hemichordata includes 
mostly the solitary forms but some are 
colonial. The body has well-formed cntcro- 
coelous coelom and is regionated into three 
parts. A preoral buccal diverticulum is pre¬ 
sent which is regarded as the notochord by 
many workers. The nervous system is in- 
traepidermal. The circulatory system is 
well-developed. This subphylum includes 
three classes —Enteropneusta, Pterobran¬ 
chia and Planctosphaeroidea. 

Class Enteropneusta 

This class includes the acron worms 
having vermiform body. They are soli¬ 
tary forms." There are numerous gill-slits 
and the intestine is a straight tube. The arms 
are absent. The examples are: Protoglossus, 
Saccoglossus {Dolicho glossus ), Balanoglossus , 
Plychodera , Glossobalanus , Spengelia , SchizQ- 
cardium and many others. 

Class Pterobranchia 

Some members are colonial. The gill- 
slits may be absent*, if present, are lew 
in number# The alimentary canal is 
U-shaped. The arms are tentaculated. The 
body is enclosed in an encasement secreted 
by the animals. This class includes three 
genera Cephalodiscus , Rhabdopleura and 
Atubaria. 

Class Planctosphaeroidea 

This class is represented by transparent, 
round and specialised tornaria larva with 
extensively branched ciliary bands. The 
alimentary canal is L-shaped. Example: 
Planctosphaera pelagica. This form is regard¬ 
ed as the larval form of some unknown 
hemichordates. 
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HISTORY 

'The first member of the Hemkhordata 
was recorded by Eschscholtz (1825). He 
named the animal Ptychodera and regarded 
it as a holothurian. Subsequently, Dclle 
Chiaje (1829) added another member 
Balanoglossus clavigerus to the group. Since 
then, many hemichordates have been put 

* on records. All these hemichordates were 
included under the group Enteropneusli (Gr. 
enteran - intestine and pneumon--- lung) as 
proposed by Gcgenbaur (1870). Since then 
this group was called the Enteropneusta. 
Bateson (1885) studied the embryology of 
some enteropneusts and proposed the name 

f Hemichordata to replace Enteropneusta. 
The tornaria larva was regarded as an 
eehinoderm larva by Johannes Muller 
■'(1850), Krohn (1854), Agassiz (1861) 
and many others. Mctschnikolf (1870) re¬ 
garded tornaria as the larval stage of 
Enteropneusta. The work of KowaJevsky 
needs special mentioning, because lie gave 
the accurate, description of Balanoglossus. 
The hcmichnrdate possessing an excep¬ 
tionally elongated proboscis was named 
Saccoglossus by Sehimkevvitseh (18921, lmt 
Spongel (1898), in his monograph, treated 
the same animal as subgemis Dulichoglossns 
under the genus Balanoglossus. Van drr 
Horst (1939) regarded Saccoglossus and 
Doliehoglossus as the synonymes of the 
same genus. 

Sars (1867) and All man (1869) recorded 
the strange colonial Rhabdopleura as a mem¬ 
ber of Bryozoa. Lankcster (1877) intro¬ 
duced the term Prerobrarichia for Rhabdo- 
plcura, but still retained it as a sub¬ 
division under Bryozoa. Another similar 
animal Cephalodiscus was recognised by 
McIntosh (1882) which was also regarded 
as a bryozoan. Hamer (1887) and Fowler 
(1892) removed Cephalodiscus and Rhabdo¬ 
pleura respectively from the group Bryozoa 
and suggested their inclusion hinder Hemi- 
r chordata. Another genus Alubaria was 

* added to the group by Sato in 1936. 

Willy (1899) divided the ITcmichordata 
into two classes Enteropneusta and Ptero- 
branchia. But Harmer (1905) added an¬ 
other class Phoronidea under Hemichor¬ 
data. A peculiar pelagic larval form was 
discovered* by Mortensen in 1910. Spcngel 
(1932) named this larva as Planctosphaera 
pelagica and regarded it as the larva of some 
unknown hemichordates. So an additional 
class Planctosphaeroidea was created to 
/ accommodate it. Thus the group Hemi¬ 


chordata, as stands today, is divided into 
three classes- Enteropneusta, Pterobran* 
cilia and Planctosphaeroidea. 

AFFINITIES AND SYSTEMATIC POSITION 

Balanoglossus has a peculiar anatomical 
organisation. Its systematic position in the 
animal kingdom is still uncertain. Almost 
all the invertebrate phyla have been sug¬ 
gested to be nearest to the Hemichordata. 
Many authors have claimed Hemichor¬ 
data as a separate phylum under the inver¬ 
tebrates. Some of the views existing on this 
particular aspect of Balanoglossus is des¬ 
cribed below. 

Nonchordate affinities. Balanoglossus 
shows many structural similarities with 
invertebrates. 

Relationship with Annelida, Many authors 
like Dohrn (1875), Semper (1876) and 
Minot (1897) have attempted to bring 
Balanoglossus and Annelids on die level of 
a distinct genetic relationship. The rela¬ 
tionship was based on the following points 
of similarities: (1) Both of them have a 
vonnilorni and coelomata body. (2) The 
arrangement of the blood voxels 4s similar. 
(3) The collar of Balanoglossus is compar¬ 
able to the elilelhun of olignchactcs. (4) 
'The Trochophorc larva of annelids bears 
close structural semblances with the Tor¬ 
naria larva specially in the apical sense 
organ and the ciliatc rings. Despite such 
resemblances, these two groups are funda¬ 
mentally different. The Trochophorc larva 
bears a pair of nephridia which is absent in 
Tornaria larva. 

Relationship with Phoronida, Master mail 
advocated the relationship of Balanoglossus 
with the Phoronida. 'The Actinotrocha 
larva of Phoronis and the Tornaria larva 
show the following points of similarities: 
(1) Both have similar disposition of the 
coclorn. (2) The anus is surrounded by a 
ring of cilia. (3) 'The proboscis pore is com¬ 
parable to the water pore of the Actino¬ 
trocha. Many authors have placed the 
phoronids under a separate order of the 
Hemichordata. Mastcrman gave the 
strongest support to this idea. 

Relationship with Echinodermaia. Adult 
cchinoderms and adult Balanoglossus are 
structurally different, but the respective 
larval forms exhibit ‘close similarity. Be¬ 
cause of this fact, many zoologists have 
tried to establish such idalionship on a 
solid foundation. Both the larv ae have the 
following common features: (1) The origin 
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and development of coelom are same. 
(2) The larval alimentary canal has similar 
subdivisions. (3) The position of mouth 
and anus is similar. (4) Both the larvae 
possess similar twisted ciliated bapds. (5) 
The larvae arc frec-swimbling. Such deep 
and fundamental similarities existing bet¬ 
ween the two larval forms must be due to a 
remote common ancestry. They arc regard¬ 
ed to be‘living relics’of the time when there 
were no difference between the chordates 
and cchinoderms. But the presence of 
apical plate with eye-spots in Torn aria 
larva raises some doubt. 

Chordate affinities 

Inclusion of Balanoglossus under the 
phylum Chordata is not universally accep¬ 
ted. Because, of the three fundamental 
characteristics of the chordate organisation, 
t he nature of notochord is really question¬ 
able. The recent workers do not accept the 
notochordal nature of the buccal diverti¬ 
culum, The nervous system in general is 
typically an invertebrate type excepting the 
presence of lumen in collar nerve cord. The 
only important chordate feature remains 
in the gill-slits. Because of the reasons, some 
authors include the hcmichordates under 
the invertebrates and others place them 
under an appendix to the phylum Chor¬ 
data. In our present discussion the Hcmi- 
chordata is given the status of a subphylum 
under the phylum Chordata by placing 
more emphasis on the presence of gill-slits, 
a feature not found in any invertebrate. 
This will help us to avoid controversies to 
d large extent. 

Relationship with Urochordata. 

The nearest existing forms of the hemi- 
chordatcs ate the urochordates because, 
they exhibit many close similarities with 
the hcmichordates. The similarities in the 
pharynx and the branchial apparatus arc 
most convincing. The development of the 
central part of the nervous system is quite 
similar in both. T-htf above relationship 
becomes difficult to establish because the 
chordate nature of the hcmichordates it¬ 
self is questionable. The resemblances are 
due to the fact that the hcmichordates are 
very remotely connected with the central 
stock from which the urochordates have 
descended. 

Relationship with Cephalochordata. Simi¬ 
larities in the structure and function of the 
branchial apparatus, in the arrangement 


of coelomic sacs and in development de¬ 
mand close relationship of the hcmichor¬ 
dates with the cephalochordates. Presence 
of unsegmented muscle fibres in hemi- 
chordates and dissimilarities in the deve¬ 
lopmental history stand as barriers to es¬ 
tablish any close relationship. Hcmichor- 
data must be regarded to be lower in rank 
than Cephalochordata, because most of 
the characters in Hemichordata are primi¬ 
tive and rudimentary in nature. 

Tn spite of the best efforts to give a deci¬ 
sive fate, systematic position of Balano- 
glossus is still a debatable issue. In the pre¬ 
sent state of knowledge it is safe to give it 
and its allies a separate status of a sub¬ 
phylum, Hemichordata, under the phylum 
Chordata by ignoring the doubtful homo¬ 
logies and puting more importance on the 
presence of gill-slits. It cannot be denied 
that the hcmichordates furnish a very re¬ 
markable demonstration of the fact that * 
the chordates are phylogeuetically related 
to the cchinoderms. 


SUBPHYLUM UROCHORDATA 
(TUNICATA) 

IMPORTANT FEATURES 

The subphylum Urochordata constitutes 
a unique group of animals under the phy¬ 
lum Chordata. The members of this sub¬ 
phylum exhibit a high degree of diversity 
in form, habit and habitat. In Urochordates, 
the notochord is confined to the tail region 
in the larval stage. Because of this charac¬ 
teristic, the name of the group is the Uro¬ 
chordata. The adults are mostly degenerate 
and sessile forms. The body is enveloped 
by the tunic or rest. The free end of the 
body bears two openings, the mouth and 
the atriopore. The proximal part of the 
alimentary canal is greatly enlarged to 
form a spacious pharynx. The coelom is 
not recognisable. The urochordates arc- 
hermaphrodite and the development is 
through free-swimming tadpole larva. The 
urochordates exhibit certain exceptions to 
the chordates, like retrogressive meta¬ 
morphosis, alternation of generations and 
the formation of colonies. Most of the uro¬ 
chordates are sac-like creatures inhabiting 
the sea-bottom and are popularly called the 
sea-squirts. 

OUTLINE CLASSIFICATION 
The subphylum Urochordata is sub¬ 
divided into three classes. The classes are: 
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(I) Ascidiacea, (2) Thaliacca and (3) Lar- 
vacea or Appendicularia. 

Example of Urochordata--- ASCIDIA 

HABIT AND HABITAT 

Ascidia is exclusively marine and occurs 
at all the depths of the sea. It is sessile in 
adult stage, but the larva is a free-swim¬ 
ming form. The adult remains attached to 
the bottom of the sea or other substrata 
by the base. Ascidia is a microphagous 
animal, i.c., it feeds on micro-organisms. 
The food materials are obtained by ciliary 
action. 

EXTERNAL STRUCTURES 

Ascidia, in adult: stage, is a solitary ani¬ 
mal having a bag-like, body (Fig. 2.18A). 
The body is covered by a tough ancl trans¬ 
lucent tunic or test. Because of the presence 
of tunic, the urochorclatcs are also known 
as tunicatcs. The tunic is composed of a 
carbohydrate, tunicin (chemically related 
to cellulose) and 20% of glycoprotein. The 
tunic is secreted by the epidermis and con¬ 
tains scattered cells. These specialised cells 
are mesodermal in origin and have mi¬ 
grated into the test. The cells are embedded 
in a matrix of tunicin and glycoprotein. The 
most important cell-types are the large 
bladder-like cells. Numerous blood sinuses 
permeate the tunic. The free end of the 
body, bears two apertures, one at the top 
called the oral funnel or siphon containing 
the mouth and the other is laterally placed 
and is called the atrial funnel or siphon. The 
atnopore is situated in the middle of the atrial 
funnel. The oral funnel is usually eight* 
lobod, while the atrial funnel is six-lobed 
in Ascidia. The atrial funnel is located at 
one side of the body. In living condition, 
current of water enters into the body 
through the oral funnel and goes out by 
the atrial funnel. If the animal is disturbed, 
the body wall contracts instantaneously, as 
a result, the water contained inside the 
body is expelled out like jets, so the com¬ 
mon name ‘sea-squirt 5 has been attributed 
to the specimen. The attached end of the 
body is called the stolon or base. 

BODY WALL 

The body, as already stated, is covered 
over by tunic. Underneath the tunic, there 
lies the true body wall composed of living 
tissues called the mantle . The mantle is 
covered by a single-layered epidermis. The 


epidermis is composed of cuboidal or squa¬ 
mous cells. The mantle contains muscle- 
fibres which extend to various directions. 
The longitudinal muscle-fibres are nume¬ 
rous. Non-metameric organisation is a 
notable feature in Ascidia, This means the 
mesoderm remains unsegmented. 

COELOM 

Due to extensive development of the 
atrium, the coelom is greatly reduced 
except as a few doubtful derivatives, like 
pericardial cavity, gonadal cavities, etc. 
Reduction of coelom is regarded to be a 
degenerative acquisition. 

LOCOMOTION 

Ascidia, in adult, is a lixed form. So the 
locomotion in true sense is absent. I he 
movement is restricted to the contraction 
of the body by muscle fibres and tlu: clo¬ 
sure of the funnels. But the tadpole larva 
swims actively in water. The mechanism of 
swimming in the tadpole is exactly similar 
to that already described in Branchiosloma. 

DIGESTIVE AND RESPIRATORY.SVS'l l.MS 

The mouth is situated at the centre of 
the velum placed in tlu* posterior end of 
the oral funnel. The velum is provided 
with velar tentacles. The opening and the 
closure of the mouth arc regulated In 
muscle bands. The mouth opens into a 
greatly enlarged sac-like pharynx. 

The pharynx in Ascidia, as in other in¬ 
vertebrate chordates, performs two func¬ 
tions, one is food collection and the other 
is respiration. The pharynx extends nearly 
upto the base of the body and remains 
attached with the mantle along the ventral 
side. Except this region the whole of the 
pharynx is enclosed by a special cavity 
called the atrium (Fig. 2.18B). The atrium 
opens to the exterior through an atriopore. 
The pharyngeal wall and the body wall 
are connected by trabeculae. 'The wall of 
the pharynx is pierced by numerous 
vertically disposed apertures called the 
stigmata. The stigmata develop by the 
subdivision of a few (presumably three) 
gill-slits. Each gill-slit is divided by the 
developing tongue-bars which become 
connected by transverse connecting bars, 
the synapticulac. BV this*way numerous 
stigmata are produced outof a few gill- 
slits. The stigmata bear serflrof papillae 
containing muscles and cilialf' 

An endostyle is prestjjffctjnside the ventral. 



32 


BIOLOGY OF ANIMALS 


•mouth 



endostyle 


genital 

ducts^rrr 

stomach 


stigmata 


oesophagus 

heart 

testis 

ovary 



long median cilia 


rig. 2 . 18 . Anatomical organisation of adult Ascidia. 

A. Two intac t adult animals. Note that the animals are sessile and .are attached to foreign substratum. 

B. Saggital sectional view of the body. A part of the pharyngeal wall is removed to show the direction 
of water current. The arrows indicate the circulation of water current. Cl. Diagrammatic transverse 
section through pharyngeal region. 1 ). An enlarged sectional view of the endostyle. 


side of the pharynx. The endostyle has 
tWo rows of mucous ceils on each side which 
are separated by row of ciliated cells. A 
group of median cells with very long cilia 
is present at the middle of the endostyle 
(Fig. 2.18D). The relationship of endo¬ 
style with the thyroid gland of vertebrates 
is advocated by many workers. The thyroid 
gland incorporates iodine. Experimental 
studies with the isotopes of iodine show that 
certain cells of the glandular tracts of endo¬ 
style incorporate the iodine. The opposite 
side of the endostyle is occupied by the 
dorsal lamina which is produced into nume¬ 
rous hanging curved bodies called the langu- 
ets . The endostyle and the dorsal lamina are 
connected by the peripharyngeal ciliary bands. 

The pharynx is connected with an ex¬ 
panded ‘ stomach ’ by a short and narrow 
oesophagus (Fig. 2.1815). The stomach has a 
folded inner wall cpntaining digestive 
glands. These glands secrete digestive 


enzymes, like protease, lipase, amylase and 
invertase. A pyloric gland composed of 
numerous small sacs or ampullae remains in 
contact with the intestine. Ductules arising 
from these ampullae unite to form a duct. 
This duct opens into the posterior end of 
the stomach. From the stomach a simple in¬ 
testine ascends up and opens into the atrial 
funnel by the anus. The wall of the ali¬ 
mentary canal is nonciliated. The intestine 
is the absorptive portion of the alimentary 
canal. The wall of the intestine is thicke¬ 
ned internally into a pad called the 
typhlosole which increases the absorptive 
surface of the intestine. 

Food collection. The beating cilia in 
the stigmata set up a water current which 
enters into the pharynx and goes out 
through the atriopore via the stigmata. 
The food particles suspended in the water 
current are entangled by the mucus secret¬ 
ed by the glandular tracts of the endostyle. 
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The mucus entangled food particles move 
upwards and are then pushed back into the 
oesophagus by the ciliary action of the 
dorsal lamina. From the oesophagus, the 
food particles pass on into the stomach 
where they are subjected to the action of 
the digestive ferments. The digested food is 
absorbed in the intestine and the undigest¬ 
ed products are expelled out through the 
anus and atriopore. 

Respiration. The extensive ciliation in 
the pharyngeal cavity arid the cilia bound¬ 
ing the stigmata set up a constant flow of 
water current passing inwards through the 
mouth. During the inflow of water current, 
the water, containing fresh oxygen in dis¬ 
solved state, passes into the atrium via the 
stigmata. This process is supplemented by 
the periodic muscular contractions of the 
body wall. From the atrium the water goes 
out to the exterior through the atriopore. 
The walls of the stigmata are highly vascu¬ 
lar where exchange of gases takes place. 
After oxidation, the resultant carbon 
dioxide passes out along with the water 
from the atrium. 

( URCiU LA I ORY SYSTEM 

The circulatory system consists of blood, 
a heart, blood vessels and sinuses. The 
blood contains a colourless plasma and a 
few corpuscles. Some of the corpuscles arc 
phagocytic and the others contain pig¬ 
ments. Red blood corpuscles are not en¬ 
countered. Asciclia lacks the power of regu¬ 
lation of osmotic pressure, as a consequence; 
the blood is isotonic with the sea water. 

The heart is a fusiform sac-like structure 
which is surrounded by the pericardium. 


The heart is situated below the pharynx. 
The heart communicates with a system 
of blood spaces called the haemocoel. Some 
of the larger spaces have an endothelial 
lining and thus form the blood vessels. 
Below the endostyle the heart gives a ventral 
or hypobranchial vessel to supply the various 
parts of the pharynx. From the opposite 
end of the heart another vessel called the 
visceral vessel emerges out to supply blood 
to the viscera. The direction of the flow of 
blood through the heart is periodically 
changed due to Lhe reversal of peristalsis of 
the heart muscles. Such a phenomenon is 
very rare and is not observed in the 
circulatory system of any animal. 

EXCRETORY SYSTEM 

There is no definite excretory organ in 
Ascidia. The nephrocytes present in the blood 
are found to accumulate excretory pro¬ 
ducts in the cvtoplasm. It is recorded that’ 
about 95% of the nitrogenous wastes arc 
excreted in the form of ammonia. JuHn sug¬ 
gested that the neural gland functions as the 
excretory organ. A peculiar hollow neural 
gland is found embedded •in the ventral 
side of the nerve ganglion. The gland 
opens into the pharynx near the velum 
through a ciliated funnel (Fig. 2.1911). This 
gland originates mainly from the larval 
ectoderm and partly from the pharvnx. 
This double origin is qnjte significant. The 
gland is regarded to be a homologous struc¬ 
ture with the hypophysis of the vertebrates. 

NERVOUS SYSTEM » 

The whole of the nervous system is re¬ 
duced to a single elongated solid nerve 




Fig. 2.19A. A greatly enlarged view of a portion of the pharyngeal wall of Ascidia. B. A saggital 
sectional view of the anterodorsal part of the body wall to show the relationship between the neural 
ganglion and neural gland in Ascidia . 

3 
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ganglion called the cerebral ganglion or brain . 
ft is situated dorsal to the neural gland and 
between the atrial and oral funnels (see 
Fig. 2.18B). This ganglion gives nerves, 
specially to the atrial and oral funnels 
and velum and thus help to regulate the 
flow of water current. 

SENSE ORGANS 

The special sense organs in the strict 
sense, are absent. The pigment spots or 
ocelli that arc present in the adults around 
the funnels are regarded to be the photo¬ 
receptors in a lowly developed condition. 
But in a fully-grown tadpole larva, the 
photoreceptive organ is highly developed. 

REPRODUCTIVE SYSTEM 

Ascidia is a hermaphroditic animal. The 
gonads are sac-like structures situated in 


close association with the intestine. The 
gonads are mesodermal in origin. The 
ovary and testis possess elongated gono- 
ducts (see Fig. 2.18B). The gonoducts open 
into the atriurn. The sex cells are discharg¬ 
ed into the atrium and from there these 
are expelled to the exterior. Fertilization is 
external. The sperms and eggs mature at 
different times, thus self-fertilization is 
prevented. But in Ascidia mentula, self- 
fertilization takes place. 

Besides sexual reproduction, multiplica¬ 
tion by budding is not of rare occurrence. 
Ascidia is noted for its great potency of re¬ 
generation . 

DEVELOPMENT AND LIFE-HISTORY 

The marvel of life is nowhere more 
wonderfully displayed than the develop¬ 
mental history of an. individual from the 




Fig. 2.20. Developmental sequences oi' Ascidia. A. Spermatozoa. B. Fertilized egg. C. Developing 
larva prior to hatching. D-F. Showing the metamorphosis of the free-swimming tadpole into the 
fixed stage. D. A full-grown free-swimming tadpole larva. E. The tadpole immediately after fixation. 
Note the reduction oi the length of the tail. F. Advanced fixed tadpole. D-F. Sectional views. 
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zygote, the resultant product of fusion of 
the egg and the sperm. The ontogenic 
developmental process is mostly direct. 
But in a lew cases the development is in¬ 
direct, i.c., the development is accompanied 
by metamorphosis. The phenomenon of 
metamorphosis includes a series of changes 
which a larva (an immature individual of 
a species differing the adult both in mor¬ 
phology and physiology i has to undergo 
before attaining its adulthood. Metamor¬ 
phosis, in most animals, is a progressive pro¬ 
cess. But there are some examples, where 
the developmental events arc largely re- 
Irogresssive. Ascidia furnishes one of the 
best examples of retrogressive metamor¬ 
phosis in which a highly developed tadpole 
larva, in course of ontogenic processes, 
transforms into a sessile and degenerated 
adult (Fig. 2.20). The retrogressive meta¬ 
morphosis is a peculiar and uncommon 
process in the chordatcs, although such 
phenomenon is observed in some non¬ 
chorda tc animals. 

Prelarval stages. The eggs are small and 
almost yolkless. Each egg is covered by 
some membranes vdiich help the egg to 
float in water. The segmentation is holoblas- 
lic and nearly equal at the initiation. A 
blastula with a few c ells is produced. Gas- 
tnilalion is followed bv invagination. The 
gaslrula elongates and alter about three 
clays, a free-swimming tadpole larva emer¬ 
ges. The tadpole larva has all tin* cha¬ 
racteristics of rhordato organisation. 

Larval stages. The larval form present, 
in the life-histoiy of Ascidia is railed the 
tadpole larva. It is very active at the 
beginning which in course of meta¬ 
morphosis transforms into a sessile adult 
(Fig. 2.20 D F). 

STRUCTURE OK EARLY TADPOLE I.ARVA 

A fully grown tadpole larva is highly 
motile and does not take food from out¬ 
side, i.e., it is a nonfeeding form. It has an 
elongated body. The body is more or less 
oval in outline. It is distinctly divisible into 
two regions, the head and the tail (Fig. 
2.20D). The whole of the body is covered 
over by tunic. The head is elliptical and 
has three adhesive papillae or chin warts. Of 
the chin warts, one is middorsally placed 
and the rest two are located vcntrolateral- 
ly. The tail is laterally compressed and 
pointed terminally. It is provided with a 
caudal Jin. The dorsal and ventral fins are 
continuous along the tail and are marked 


with striae. The striae are regarded to be 
precursors of the fin rays in fishes. 

The central nervous sy stem is si mated 
dorsal to the notochord. It enlarges an¬ 
teriorly into a sensory vesicle which opens 
into the pharynx near the mouth by neuro¬ 
pore. A single median nv containing the 
retina, pigmented layer, cornea and lens 
is present in the inner wall of the hollow 
sensory vesicle. An u/orrsf. the organ of 
balance, is also situated in its ventral side. 
The slender nerve cord is not much diff¬ 
erentiated but is hollow throughout. The 
notochord is restricted only in its tail 
region. It extends anteriorly upto the 
pharyngeal region and is cnshcathed by 
gelatinous materials. Segmental muscle 
bands are present in the tail region which 
are arranged on both the sides of the nerve 
cord. The month is present and the ali¬ 
mentary (anal is rudimentary. The phar¬ 
ynx is sac-like and is well-developed. It 
bears a lully-devclopcd endoslyfe and two 
pairs of gill-slits. Nonfunctional heaist with 
cpicardia lies beneath the endostyle. The 
paired atrial sacs are present. Just after 
hatching the tadpole larva#bedbtries posi¬ 
tively phototaetie and negatively geo¬ 
tactic. 

Metamorphosis and emergence of adult 

The free-swimming tadpole larva after a 
short period of free existence becomes slug¬ 
gish. ft soon fixes itself to sea weeds or 
stones by adhesive papillae and immedia¬ 
tely falls a victim of fast: degeneration. At 
this stage the larva becomes negatively 
phototaetie and positively geotalic. 

RETROGRESSIVE CHANGES 

Just, after fixation the length of the tail 
is greatly diminished. The nerve cord be¬ 
comes restricted in the t runk region and is 
ultimately reduced to a solid nerve gang¬ 
lion. The notochord becomes coiled, dis¬ 
organised and finally disappears. The trunk, 
becomes broadened. The number of the 
striae is diminished and become restricted 
to certain regions. The muscle bands also 
become degenerated. Gradually the tail is 
further shortened without having any striae. 
The mouth is shifted to 90° from the point 
of attachment (Fig. 2.20F). Shifting of the 
mouth is caused by the rapid growth of the 
region between the adhesive papillae and 
mouth and also due to inhibition of growth 
of the original dorsal side. As the develop¬ 
ment goes on, the tail becomes still more 
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shortened and is partially withdrawn into 
the test. The rotation of the mouth is 
clearly marked. 

PROGRESSIVE CHANGES 

During metamorphosis from the tadpole 
larva to the adult, all the changes arc not 
necessarily degenerative but some struc¬ 
tures become more elaborated and specia¬ 
lised. The progressive changes are: (1) The 
branchial chamber becomes enlarged and 
the number of stigmata become enhanced. 
(2) The postpharyngeal portion of the gut 
gets regionated into different parts. (3) The 
atrium becomes more extensive. (4) The 
development of velum is observed. (5) The 
gonads and gonoducis appear from the 
mesoderm. 

The foregoing description shows a won¬ 
derful scheme of retrogression of a complex 
and well-organised larval form to a simpler 
degenerated adult. This drastic change over 
is reajly a strange phenomenon because no 
external agency is recorded to act upon it. 
In the whole of animal kingdom, a parasitic 
crustacean, Sapulina, can be brought to the 
same status as far as the retrogression is 
concerned 1 , if the external agency of 
parasitism is assumed to be absent from 
its life. 

The essence of retrogressive metamor¬ 
phosis in Aseidia is (i) the differential 
growth and disappearance of histologically 
differentiated larval tissues avid (if) the 
formation of the adult structures from the 
residual larval tissues. In ascidian meta¬ 
morphosis, two sets ofenanges occur. First, 
the disappearance of notochord, nerve 
cord and muscle bands and secondly, the 
elaboration of some adult structures like 
the formation of stigmata, specialisation of 
pharynx, overdevelopment of atrium, etc. 
The most pertinent question in the meta¬ 
morphosis remains why and how retro¬ 
gression takes place in Aseidia by the des¬ 
truction of the larval tissue. There are 
many views on this particular issue. 
Hardman regards phagocytosis as the pri¬ 
mary cause of larval tissue destruction, 
while Berrill advocates that the relative 
tissue starvation is responsible for larval 
tissue destruction. Liberation of meta¬ 
bolites by the larval tissue accelerates 
metamorphosis. The larval tissue extracts 
and nontoxic solution of copper, iron, 
aluminium and iodine, have also been 
recorded to accelerate metamorphosis. 


ZOOLOGICAL IMPORTANCE OF TADPOLE 

LARVA 

The presence of tadpole larva in the life- 
history of Aseidia is very significant. From 
the taxonomical stand point, the tadpole 
larva helps us to include the ascidians 
under the phylum Chordata, otherwise 
their inclusion under the phylum would 
have been questionable. The existence of 
tadpole in their life-cycle appears to be 
either a case of recapitulation of the past 
racial history or it must be the birth right 
of a chordate. However, we can best re¬ 
gard the tadpole larva as a relic of the 
ancestral free-swimming chordate. Two 
contradictory views exist on the particular 
issue. The first view holds that the existence 
of tadpole larva is an interpolation in the 
life-history of Aseidia which by the sup¬ 
pression of metamorphosis and further evo¬ 
lution might have given origin to the 
ancestral chordate. The other view (exclu¬ 
sively of N. J. Berrill) holds that the exis¬ 
tence of tadpole larva is not a case of inter¬ 
polation. It has evolved within the group 
to meet certain- ascidian needs. The tad¬ 
pole larva holds the key, from which the 
vertebrates have emerged out in space and 
time. 

Example of Urochordata 

HERDMANIA 

Herdmania (-- Rhabdocynlhia ) is a very 
common tunicate of the Indian seas. The 
morphology, habit and habitat of Herd- 
mania are closely similar to that of Aseidia. 
It is very easily available and as such is 
extensively used as the material for dissec¬ 
tion in many universities of India. 

HABIT AND HABITAT 

Herdmania is a solitary ascidian. It is 
exclusively marine. The genus is recorded 
to go to the depth of 9 m-21.6m of the 
sea. The adult is a sessile form which re¬ 
mains attached to the substratum by its 
base or Jool\ It is a microphagous animal 
which feeds on microscopic animals 
and plants. 

The tunic of Herdmania provides shelter 
for many organisms. Of a very common 
occurrence is the growth of a green alga 
on the tunic which sometimes hides the 
whole animal. The other organisms in¬ 
habiting the tunic are the hydroids, ane¬ 
mones, minute lamellibranchs, gastropods 
and many other animals. 
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EXTERNAL STRUCTURES 

Herdmania has an oblong bag-like body. 
The species inhabiting the sandy bed is 
provided with a narrow ‘foot’, but when 
the animals arc attached to rocks or any 
molluscan shell, the ‘foot’ is found to be 
lacking. The attachment is done by a flat 
base. The animals with the Toot’ have 
their bodies divided into two parts, the 
body proper and the ‘foot’. The size and 
shape of the animals vary greatly. The 
average size of the adult is recorded to be 
9.5 cm in length. The foot, when present, 
measures about 3 -4 cm in length. The free 
end of the body bears the oral and atrial 


funnels containing the oral aperture and 
atriopore respectively. Both these funnels 
are produced into four distinct lobes 
(Fig. 2.21 A). The oral funnel is smaller 
than the atrial funnel. The whole of the 
body is enclosed by the test or tunic. The 
tunic is soft and leathery. The test is trans¬ 
parent in young stage which becomes 
opaque in the adult. In the young stage, a 
network of blood-capillaries is clearly visible 
through the transparent test. One of the 
important characteristic features of Herd- 
mania is the presence of reddish patches 
on the body, produced by the ampullae 
at the terminal ends of the blood vessels 





Fig. 2.21. Anatomy of Herdmania (after Das). 

A. An adult animal. A portion of the body wall is removed to show the internal structures. 

B. Section of the test. G. Sectional views of the gonads and gonoducts. Note the relationship with 
the rectum. D. Spicules and cell-types are a—microscleres. b=Spindle-shaped spicule, c—pipctte- 
shaped spicule. 1 = large eosmophilous cell. 2=-=small eosinophilous cell. 3 = amoeboid cell. 
4=vacuolated cell. 5 agranular cell. 6—nerve cell. 
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in the test. The test acts as the accessory 
respiratory structure in Hcrdmania. 

The mouth is situated at the base of the 
oral funnel and the atriopore is contained 
in the atrial funnel. The mouth indicates 
the anterior end of the body and its oppo¬ 
site end is the posterior. The dorsal side is 
marked by the atrial funnel, the opposite 
end of which is designated as the ventral 
side of the body. The bases of both the oral 
and atrial funnels are provided with a tenta¬ 
cular ring. The tentacles that surround the 
mouth are called the oral or branchial ten¬ 
tacles and that of the atriopore are called 
the atrial tentacles. The oral tentacles are 
comparatively longer than the small and 
vestigial atrial tentacles. The oral tentacles 
form a sort of sieving apparatus which 
prevents the entry of larger particles into 
the pharyngeal cavity. The internal cavity 
of both the funnels are lined by a thin layer 
of test which is folded. On these folds, red 
pigmented patches are present which are 
separated by white streaks. There are eight 
red patches arranged alternatively with eight 
while streaks. Both the patches and streaks 
extend from the tip of the funnels down to 
the basal end. In living condition, a strong 
water current is found entering the oral fun¬ 
nel and goes out through the atrial funnel. 

BODY WALL 

The test is the protective covering of the 
body. It is 4 II mm thick and is composed 
of tunicin. In the ground substance of the 
test many structural elements arc embed¬ 
ded. These are the ineshworkof bloodves¬ 
sels, spicules, interlacing fibres and a few 
cell-types (Fig. 2.2IB). Several cell-types 
are encountered in I lerdmania (Fig. 2.21D). 
These an': (l) amoeboid cells these 
cells are abundant in the test. (2) eosi- 
nophilous cells these are spherical cells 
and thi* cytoplasm contains homogeneous 
fine granules. The granules take bright red 
stain with eosin. The. eosinophilous cells 
are of two varieties: (a) larger variety with 
a big vesicular nucleus and (b) smaller 
type with an eccentric nucleus. (3) gran¬ 
ular cells these cells are oblong in shape 
and the nucleus is large. These cell-types 
are surrounded by nerve fibres and are 
regarded as the receptor cells. (4) spheri¬ 
cal vacuolated cells —containing nume¬ 
rous small vacuoles and the nucleus is not 
visible. (5) nerve cells —these arc small 
cells with conspicuous nticleus and two to 
six dendrites. 


Besides, there are interlocking fibres 
running in the test. These fibres resemble 
with the muscle fibres of the mantle. The 
test is traversed by the blood vessels w'ith 
their terminal ends dilated to form the 
terminal knobs or vascular ampullae. These 
ampullae impart red coloured patches on 
the outerside of the body. Another peculiar 
structure present in the test remains the 
spicules. The spicules are of two varieties: 
(1) microscleres and (2) mkoasclerks. 
The microscleres are minute bodies hav¬ 
ing a spherical head and a long body. The 
body is beset with 5 to 25 equidistant rings 
of small spines. But the head is smooth in 
most cases. The average size is about 50 
miera. The mcgasdercs are larger than the 
microscleres and are grouped under two 
categories depending on the shape. The 
first category of spicules have spindle- 
shaped bodies, so these are called the 
spindle-shaped spicules and the second cate¬ 
gory of spicules are called the pipette- 
shaped spicules. The spindle-shaped spicules, 
like microscleres, are provided with 20 -60 
equally spaced rings of spines. The size is 
variable, but the average size being 1.5 
mm. These spicules usually occur in 
bundles. The pipette-shaped spicules, as the 
name suggests, have a large round median 
swelling. These spicules are also provided 
with numerous rings of spines. The length 
of the spicules extend up to 3.5 mm. 

Beneath'the lest lies the mantle. The. 
mantle is the true cellular wall which sur¬ 
rounds the body. It is not uniformly deve¬ 
loped at all regions of the body. The mantle 
is highly developed in the antcrodorsal 
side of the body. The mantle is composed 
of (*) an outer epidermis, ( ii ) a median 
layer of muscles and fibres and (Hi) an 
inner ectodermal layer lining the atrium. 
The epidermis is formed of hexagonal cells. 
The median layer is composed of muscles 
and connective tissue elements. There 
arc two sets of muscles- longitudinal and 
annular. The longitudinal set of muscles 
arc numerous than the annular sets. 
The muscles arc nonstriated. Each muscle 
is made up of many nonstriated muscle 
fibres which are ensheathed by a common 
connective tissue sheath. Each muscle 
fibre is a flat ribbon-like cell tvith a cons¬ 
picuous nucleus. The connective tissue 
cells present in the middle layer are mostly 
the amoeboid and vacuolated cells. The 
ectodermal layer lining the atrium is com¬ 
posed of flat cells. 



PHYLUM CHORDATA - INVERTEBRATE CHORDATES 


39 


COELOM AND ATRIUM 

Due to the overdevelopment of the 
atrium or pcribranchial cavity, the true 
coelom in Hcvdmania is absent except cer¬ 
tain doubtful derivatives, like the peri¬ 
cardial cavity, gonad, etc. 

lake that of Xscidia, the space between 
the pharynx and the mantle is occupied by 
the atrium. The atrium is divided into 
right and left halves due to the attachment 
of the pharynx with the mantle on the 
ventral and dorsal sides. However, both the 
halves are continuous dorsally and open to 
the exterior through the atriopore. 

LOCOMOTION 

Hcrdmania. in adult stage, is sessile. The 
visible movement is observed during the con¬ 
traction of the body for the squirting out of 
water through the oral and atrial funnels. 
This movement is caused by three sets of 
special muscles. 'These are divided into the 
(i) Oral muscle group, («) Atrial muscle 
group and (iii) Atrio-oral muscle group. 
Both the oral and atrial muscle groups 
surrounding the funnels art: formed of ann¬ 
ular muscles and the longitudinal muscles. 
The annular muscles arc composed of 
strong circular muscles and sphincter mus¬ 
cles (oral and atrial sphincters). The longi¬ 
tudinal muscles are more extensively 
developed than the annular muscles. ’The 
atrio-oral muscle group is composed of one 
muscle band running between the oral and 
atrial funnels and two pairs of muscles 
situated, one pair on each side of the neural 
gland. These muscles extend longitudinally 
from one funnel to the other. 'The con¬ 
traction of the body is caused by the longi¬ 
tudinal muscles while that of the funnels is 
effected by the annular muscles. 

DIGESTIVE AND RESPIRATORY SYSTEMS 

The digestive tract starts from the oral 
funnel. It has a tubular cavity containing 
the mouth at the basal end. The base of 
the funnel is provided with a circlet of 
tentacles. The' tentacles are extensively 
branched delicate structures and form a 
sort of strainer to prevent the entry of 
larger particles into the pharyngeal cavity. 
The tentacles are richly supplied with 
nerves, the presence of which led many 
workers to suggest that these are also testing 
organs. The tentacles are broadly divided 
into four varieties depending on size. 
Although the number, size and shape of 
the tentacles show individual variation, the 


typical tentacular formula stands as: 8 large 
(5mm in length), 8 median (2.5 mm long), 
lb small (1.5mmiu length) and 52 minute 
(0.5mm long). Bach tentacle bears nume¬ 
rous paired lateral brandies called the tenta- 
culets which also carry small secondary 
branches. The secondary branches bear 
tertiary branches. • 

The mouth leads into a spacious sac- 
like pharynx or branchial sac which occu¬ 
pies the major part of the body. As stated 
earlier, tin* pharynx is enclosed by the 
atrium except the ventral and dorsal side. 
The wall of the pharynx is perforated by 
numerous stigmata. The roof of t he pharyn¬ 
geal cavity is marked by the presence of a 
thin ibid called the dorsal lamina which is 
situated along the middorsal line. The free 
margin of the dorsal lamina produces 20 
50 tentacle-like outgrowths called the 
languels. The dorsal lamina is lined outside 
by the noti-cilialcd cells while that of the 
langucts an' ciliated. The connective tissue 
core of both these structures contains blood 
sinuses. The endosh/c runs as a shallow 
longitudinal groove running along the 
midvcutral line of the phtuyifx. It resem¬ 
bles closely that of Ascidia in structure,: 
function and origin. At the anterior end of 
the pharyngeal cavity there are two pairs 
of ciliated bands [peripharyngeal bands) 
which are spaced by a peripharyngeal groove. 
The anterior pair of peripharyngeal bands 
unites to lorm a complete ring, while the 
posterior pair is interrupted to become 
continuous with the dorsal lamina and 
with the folded margins of the endos^ylc. 
Both the peripharyngeal bands and groove 
arc lined by the tail ciliated cells. The inner 
wall of the pharynx becomes folded longi¬ 
tudinally to increase the surface area. The 
inner cavity of the. pharynx is lined by 
non-ciliatcd cells while the cells in the re¬ 
gion of the stigmata are tall and ciliated. 

The pharynx is supplied by two sets of 
blood vessels. The inner side of the pharynx 
is supplied by infernal longitudinal vessels and 
the outer side by the external transverse vessels. 
'These t wo types of the vessels are so arrang¬ 
ed that they cross one another at right 
angles. As a consequence, many square 
areas are produced which arc hounded by 
transverse and longitudinal vessels. Such 
areas arc often designated as the stigmatic 
areas. About 5 -6 stigmata are present 
in each stigmatic* area. Many small trans¬ 
verse 'blood vessels traverse the stigmatic 
areas. 
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The pharynx leads into a very short 
curved tube called the oesophagus. The 
opening of the oesophagus is guarded by 
two semicircular folds. These folds arc pro¬ 
duced by the rnodiheation of the posterior- 
most part of the pharynx.-The stomach is 
not so much dilated as seen in Ascidia. 
The stomach leads into the intestine which 
forms a single loop. The distal limb of the 
loop is called the rectum which opens 
through the anus into the atrial funnel. 

Digestive glands 

Two large unequally developed diges¬ 
tive glands (“Liver”) are present in Iierd- 
mania. These glands are closely associated 
with the stomach. The liver is composed of 
an accumulation of a large number of 
caeca embedded in a ground substance. 
This is made up of connective tissue and 
blood sinuses. The products of the liver 
are poured into the stomach by eleven 
independent ducts. Each duct is formed by 
the union of many ductules coming from 
the caeca. 

The other digestive gland is the pyloric 
gland . It is a'n extensively branched struc¬ 
ture and confposed of numerous tubules. 
This gland remains in close contact with 
the stomach and intestine. The tubules 
unite to form a number of ducts which 
ultimately open into the middle part of the 
intestine by a single opening. The exact 
function of the pyloric gland is not proper¬ 
ly known. I( acts as a pancreas and also 
as an excretory organ. 

The mechanism of food collection, diges¬ 
tion' and respiration are similar to those 
of Ascidia. Only striking difference in the 
digestive system is the presence of a well- 
developed liver in Hcrdmania which is 
lacking in Ascidia. The digestive enzymes 
secreted by the distal parts of the livcr- 
tubulcs, arc poured into the stomach. The 
digestive enzymes arc the amylase, pro¬ 
tease, lipase, invertase, lactase and maltase. 
The liver stores carbohydrates in the form 
of starch. The exact relationship of the 
liver of Hcrdmania with that of vertebrates 
has not been experimentally established. 

The respiratory system in Herdmania is 
more efficient than that of Ascidia. The 
pharynx is a highly vascular structure and 
the intcrstigmatic and iritrastigmatic blood 
vessels help in the exchange of respiratory 
gases. The presence of internal foldings 
increase the surface area oY the pharynx. 
Besides the pharynx, the test also acts as 


an accessory respiratory organ. It is richly 
supplied with blood vessels and vascular 
ampullae. 

CIRCULATORY SYSTEM 

The circulatory system is highly deve¬ 
loped in Hcrdmania. Due td the extensive 
vascularisation of the test, the circulatory 
system is modified. The blood contains a 
few colourless amoeboid and plenty of pig¬ 
mented corpuscles. Six types of corpuscles 
are claimed to be present in Herdmania. 
The pigment present in the corpuscles are 
either orange or yellowish green or yel¬ 
low or brown but red colour is absent. 

The heart is a cylindrical tube-like struc¬ 
ture enclosed by tubular pericardium. The 
heart is attached to one side of the peri¬ 
cardium by a thin connective tissue bridge. 
It is situated ventral to the right gonad as 
an obliquely placed tube about the middle 
of the endostyle. The heart is a highly con¬ 
tractile tube but the pericardial wall is non- 
contractilc. The wall of the heart is com¬ 
posed of a thin outer striated muscle layer 
which encloses an epithelial layer. The 
heart contracts and dilates by the activity 
of the heart muscles. The wave of contrac¬ 
tions of the heart is alternately reversed as 
seen in other ascidians. 

The larger blood vessels have definite 
wall while the small ones lack definite! wall 
and these are mere sinuses (hacmocoel). 
Originating from the heart, a large vessel 
extends anteriorly as well as posteriorly 
below the whole length of the endostyle. 
This is the strongest vessel in Hcrdmania 
and is called the ventral or hypobranchial 
vessel. The ventral vessel throughout its 
course gives paired transverse vessels to the 
pharynx and a stout ventral test vessel to the 
test. The latter one originates just from the 
region of' origin of the ventral vessel from 
the heart. Another large blood vessel locat¬ 
ed dorsal to the dorsal lamina is the dorsal 
vessel which receives transverse vessels from 
the pharynx along its course and anteriorly 
sends branches to the neural gland. Origi¬ 
nating from the dorsal vessels there is a 
small branchiovisceral vessel. This vessel bi¬ 
furcates into right and left vessels on the 
respective sides of the pharynx. The left 
one is the ventrointestinal vessel supplying 
blood to the oesophagus, stomach and left 
lobe of liver while the right oesophageal vessel 
supplies the right lobe of liver and oeso¬ 
phagus. From the dorsal side of the heart a 
cardiovisceral vessel emerges out. This vessel 
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immediately divides into two branches. 
One of the branches is the hepatic vessel rami¬ 
fying within the liver and the other vessel 
immediately bifurcates to form a slender 
test vessel and a stout oesophageal vessel. The 
cardiovisceral vessel, after sending these 
branches, gives off one dorsal, a median and 
a ventral vessel. The dorsal branch ends in 
a ring-like subtentacular vessel . It encircles 
the base of the atrial funnel and sends 
branches to the wall of the funnel. The 
median branch ends in the left gonad. The 
ventral branch divides into the dorsoiniestinal 
vessel and a suhintestinal lest vessel . 

The pharynx and the test are supplied 
by many blood vessels from different sour¬ 
ces. The anterior part of the pharynx is 
provided wi th peripharyngeal vessel which 
originates from the ventral vessel. The inter¬ 
nal longitudinal blood vessels of the pharynx 
originate from the peripharyngeal vessel. 

Thus the circulatory system in Herd- 
mania is very well-developed and the 
course of circulation,' like other ascidians, is 
periodically changed by the reversion of 
peristalsis. This phenomenon of reversal 
of peristalsis is not observed in any other 
animal except certain larval insects. 

EXCRETORY SYSTEM 

The neural gland in Hcrdmania is re¬ 
garded as the excretory organ. It is an 
oval-shaped gland situated dorsal to the 
nerve ganglion. But in Ascidia its position 
is ventral. This gland is composed of bran¬ 
ched tubules and many disquarnated cells 
containing dark granules (probably the ex¬ 
cretory products) are found in the cavity 
of the gland. The actual homology of the 
gland is much disputed. Julin (1893) and 
Metcalf (1901) regarded this gland to be 
homologous with the hypophysis of the 
vertebrates. But. Das (1936) strongly in¬ 
clines to think that the neural gland, at 
least in Hcrdmania. is an excretory organ. 

NERVOUS SYSTEM 

The nervous system, in adult, is repre¬ 
sented by an elongated solid nerve gang¬ 
lion called the ‘brain 5 or cerebral ganglion. 
It is situated ventral to the neural gland. 
From the anterior end of the ganglion, three 
nerves are emerged out to innervate the 
oral funnel. The nerve ganglion gives off 
posteriorly two nerves to the artrial funnel. 

SENSE ORGANS 

. Definite organs of special sense are ab¬ 
sent, but several structures function as the 


sensory receptors. (1) Receptor cells— 
many receptor cells (receive contact sti¬ 
muli) are present throughout the test ex¬ 
cept the vascular areas. (2) The epithelial 
cells covering the vascular ampullae of the 
test are tactile receptors. (3) The pigment¬ 
ed spots or ocelli located in the margins of 
the oral and atrial funnels are “the photo¬ 
receptors. (4) The oral tentacles are able to 
test the water that is drawn in through the 
oral funnel. (5) 'flic dorsal tubercle is regar¬ 
ded to be either an olfactory or gustatory 
organ. The dorsal tubercle is composed of 
two conical elevations. Each conical eleva¬ 
tion is produced by a conical lobe which be¬ 
comes spirally coiled. The dorsal tubercle 
is situated near the junction of the peri¬ 
pharyngeal bands with the dorsal lamina 

REPRODUCTIVE SYSTEM 

Herdmania is hermaphrodite. 'The her¬ 
maphroditic gonads consist of two large 
lobulated bodies. 'The right gonad is siUiat- 
ed on the right side and just dorsal to the 
heart while the left gonad is lodged within 
the loop of the intestine. Each gonad is 
formed of 10 25 lobes. These 'Jobes are 
arranged in two rows, one on cither side 
of a central axis (see Fig. 2.2-1 C). Two 
gonoduett: run within the central axis. 
Each gonodal lobe consists of two distinct 
zones which differ in cellular structure and 
colouration. The inner zone (ovarian region) 
contains different stages of egg formation 
while the peripheral zone ( testicular region) 
contains spermatogonia, spermatocytes and 
spermatozoa. Each gonad is thus an ovotestis. 
Each ovarian region of each gonadal lobe 
is connected with oviduct through a narrow 
short tubule called the ovarian ductule . The 
oviduct opens to the atrial cavity very near 
to the anus. Similarly the male gonoduct or 
vas deferens receive a sperm duciule from 
each testicular region of the gonadal lobe. 
The vas deferens opens near to the oviducal 
aperture. The number of ovarian ductules 
arid sperm-ductules usually corresponds to 
the number of gonadal lobes. But the 
sperm-ductules from two adjacent gonadal 
lobes may, sometimes, join prior to opening 
into the vas deferens. 

A mature spermatozoon is a minute 
structure of about 4 micra in length. Each 
has a head capped by an acrosome , a neck 
and an extremely elongated straight tail. 
A mature egg measures 0.30 mm in dia¬ 
meter, Like that of Ascidia, the egg is en¬ 
veloped by membranes which help in 
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floatation. The cytoplasm of the ovum 
contains a dense mass of yolk material. 
The nucleus with an cxcentric nucleolus is 
situated on one side of the cell-body. This 
is lined by vitelline membrane which cons¬ 
titutes the wall of the ovum. There are two 
more layers—the inner chorion and outer 
chorion . M&ny vacuolated outer follicular 
cells are attached to the outer chorion. The 
space between the outer chorion and inner 
chorion is filled with the interchorional fluid . 
The space between the inner chorion and 
the vitelline membrane is filled up with peri- 
vitelline fluid. There are many inner follicle 
cells floating in the pcrivitelline fluid and 
the rest adhere to the vitelline membrane. 

Although, Herdmaniais a hermaphrodi¬ 
tic animal, self-fertilization is rare, because 
the ovarian regions mature prior to the 
testicular regions (protogynous condition). 
When the gametes become mature, they 
are expelled out to the sea water. Fertiliza¬ 
tion is thus external. The developmental 
sequctic.es and metamorphosis are exactly 
similar to that of Aseidia already des¬ 
cribed. 

t 

CLASSIFICATION 

CLASSIFICATION IN OUTLINE 
Suhphylum \ frouhordata or tunic, at a 
Class Ascidiaceae 

Order Enterogona. e.g., Aseidia, Ciona. (Ha¬ 
ve Una. 

Order Pleurogona , e.g., Bo try 11 us, Molgula , 
0 Sty el a, Atnaroucium , Herd mania. 

Class Thaliacea 

Order Doliolida , e.g., Doliolum , Dolichinia. 

Order Pyrosomida , e.g., Pyrosoma . 

Order Salpidn , e.g., Sal pa. 

Class Larvacea or Appedicularia e.g., 
Oikop/eura and Appedicularia. 

GLASSIFICATION WITH CHARAC¬ 
TERS 

The subphylum Urochordata includes a 
large number of species which exhibit a 
high degree of biological diversities. The 
members are classified under three classes, 
Ascidiacca, Thaliacea and Larvacea or 
Appendicularia. 

Class Ascidiacea 

This class includes typically the bottom- 
living forms which vary greatly in size and 


form. The individuals may be solitary or 
colonial or compound. The adults become 
usually sessile after undergoing retrogres¬ 
sive metamorphosis, when the notochord, 
nerve cord and tail are lost. The brain is 
reduced to a single solid nerve ganglion. 
The tunic is a permanent structure and is 
of considerable thickness. The pharynx is 
large with persistent gill-slits. The atrium 
opens dorsally by the auiopore. This class 
has two orders, Enterogoria and Pleurogona. 

O rdcr Enterogona 

The body may be divided into two re¬ 
gions. The neural gland is usually situated 
ventral to the nerve ganglion. Single gonad 
is present which is located in or behind the 
intestinal loop. The larva possesses two 
sense organs. Examples: Aseidia , Cion a. 
Clavelina, Phallusia . 

Order Pleurogona 

The body is undivided. The neural gland 
is usually located either laterally or dorsally 
to the nerve ganglion. There arc two 
gonads located in the lateral wall of the 
mantle. The larva bears only one sense 
organ. Examples: Potty Hus , Molgula. Styela , 
A maroucium , Hcrdmania. 

Class Thaliacea 

This class includes the free-swimming 
pelagic lunicates inhabiting the warm and 
temperate seas. The lftcmbcrs of this class 
vary greatly iu size. The adult form is de¬ 
void of notochord and tail. The tunic is a 
permanent structure w hich bears circular 
muscle bands. The tunic is thin and trans¬ 
parent. The atriopore is located posteriorly. 
The pharynx is provided with two large or 
many small stigmata. Distinct alternation 
of generations is present in the life-cycle. 

Order Doliolida 

The body is barrel-shaped with com¬ 
plete muscle bands forming eight regular 
rings. The number of gill-slits is variable. 
Usually a tailed larval stage is present in 
the life-cycle. Examples: Doliolum and 
Dolichinia. 

Order Pyrosomida 

This order includes only one species, 
Pyrosoma. It is present in all oceans from 
the surface to a considerable depth. It 
forms a compact tubular colony. The 
zooids arc embedded in the wall. The 
muscle bands are present at the end of the 
body. There is no larval stage in the life 
history. It reproduces by budding. 
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Order Salpida 

The body is cylindrical. The muscle 
bands arc incomplete, i.e., the muscle 
bands do not form complete rings as seen 
in Doliolum. Tt is present in coastal to 
deeper zone of 4500 feet depth. The first 
gill-slit forms a large opening in adult. 
The larval slage is lacking. Example: Salpa. 

("lass Larvacea or Appendicularia 

The members of the class are minute 
free-swimming pelagic forms with a highly 
developed tail. The tail is supported by 
notochord and large stuped muscle cells. 
The body is about 5 mm long. The tunic is 
not persistent, instead each zooid builds a 
house/ secreted by the skin, '] he nerve 
cord is persistent. The pharynx bears two 
stigmata which open directly to the ex¬ 
terior. The atrium is lacking. Examples: 
Oikopleura and Appendicularia. 

COLONY FORMATION IN UROCHOKDA¬ 
TES 

Colony formation in some lirochordales 
is a very peculiar occurrence. The colony 
is (brined by the budding off of non-separ- 
able individuals or zooids from the parent. 
Ascidians do not form true colonies. The 
members of the order Enterogona, usually 
bud olT new individuals which are com¬ 
plete by themselves. 'They may be mecha¬ 
nically connected with the parent body. 
Some members of the order Pleurogona 
have individuals that are buried in 
common investing mass to form a colony. 
In Botryllus, a few individuals remain 
embedded in a common tunic. They have 
separate oral apertures, but their atrial 
apertures opening into a common cloacal 
chamber. 

The most peculiar type of colonial uro- 
chordatc is the Pyrosoma. The individuals 
form a hollow cylinder. The cylinder is 
closed at one end arid the other end is open 
This opening is guarded by velum which 
acts as the regulator of the water flow. The 
oral funnels of the individuals are situated 
on the outer side and the atrial funnels 
open into the cavity of the cylinder. 

All the zooids originate from a single 
sexual progenitor by budding. The budded 
individuals do not separate themselves 
from the parent body but remain organi¬ 
cally connected with one another. Such a 
phenomenon leads to the formation of 
.colony, a feature not ordinarily encoun¬ 
tered in chordates. 


HISTORY 

Aristotle (384-322 B.C.) described the 
first simple ascidian. Tethyum . Schlesser and 
Ellis (1756) discovered the compound asci¬ 
dians. Since then many ascidians have been 
added to our knowledge, upto the. early 
part of the nineteenth century. But the 
systematic status of the group remains a 
disputed issue. Lamarck (1816) gave the 
name of the group, the Tunicata and plac¬ 
ed the ascidians between the Radiata and 
Vermes. Cuvier placed them within Mol- 
lusca, but Lamarck isolated the group from 
the molluscs. Milne Edwards instituted a 
new class Molluscoidea to include the 
Brachiopoda, Polyzoa and the Tunicata. 
All the disputes regarding the systematic 
position of the group wore put to an end 
when the remarkable memoir entitled, 
‘Development of a simple ascidian* was 
published by Kowalvesky in the year 1886. 
Since then t he inclusion of the group under 
the phylum Chordata is established with a 
degree of certainty. * 

AFFINITIES AM) SYSTKM/VKWOSITION 

The systematic status of urochordat.es 
has long been an unsettled issue. But the 
discovery of tadpole larva in the. life his¬ 
tory has removed all difficulties extant on 
the field. Prior to its discovery, claims have 
been put forward to indicate several animal 
groups as their relatives. 

Nonchordate affinities. Killin' food shif¬ 
ting and aerating complex in ascidians 
have close functional parallel with that 
of sponges and oysters. Other nonchordate 
features of ascidians are: ( 1) the presence 
of larval eyes and otocyst, (2) the habit of 
budding chain of new zooids, (3) the colo¬ 
nial adaptation of the simple and com¬ 
posite fixed ascidians and (4) the presence 
of typhlosole in the intestine. But. none, of 
these above nonchordate features appears 
to be convincing to establish the relation¬ 
ship. 

Ghordate affinities. The inclusion of the 
ascidians under the phylum Chordata is 
beyond any question, because the tadpole 
larva possesses all the. basic characteristics 
of the chordates, viz. gill-slits, notochord 
and dorsal lubulaf* nerve cord. As stated 
earlier, occurrence of these three charac¬ 
teristics in the urochordale is the result of 
their emergence from a common chnrdate 
ancestor. 
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Relationship with Hemichordata. The 

nearest existing relatives of the urochordates 
are probably the hemichordates. This parti¬ 
cular contention is based on the scientific 
facts and is supported by having many 
structural and functional similarities. The 
similarities are: (l) The structural plan of 
pharynx wi:h all its accessories are strik¬ 
ingly similar in both. (2) Occurrence of 
restricted notochord, although the claim of 
notochordal nature of the buccal diverticul¬ 
um is quite doubtful in hemichordates. (3) 
The development of the central part of* the 
nervous system is closely similar. But such 
a relationship cannot be fully justified be¬ 
cause the inclusion of the hemichordates 
under the phylum Chordata itself remains 
a debatable issue. The aforesaid similarities 
can be interpreted as the result of remote 
phylogenetic relation with the ancestral 
chordatc stock. 

Relationship with Cepbalochordata. On 

the basis of adult anatomy of the cepha- 
lochordates and the study on the develop¬ 
ment of the ascidians, the relationship 
between urochordates and the cephalo- 
chordates cannot be denied. The adult 
forms of both the groups exhibit many 
structural similarities which are: (1) 
Similar food concentration mechanism. 
(2) Presence of velum and velar tenta¬ 
cles. (3) Similarly constructed endostyle 
and its associated parts. (4) Presence of 
similar atrial complex. 

The ascidian tadpole and the adult 
cephalochordate also furnish many strik¬ 
ing similarities whicli afford convincing 
evidence of evolution from a common 
chordate ancestry. Early developmental 
stages are so closely similar that the se¬ 
quences seem to be almost a duplication. 
The tadpole larva, before degeneration sets 
in, is similar to cephalochordate in many 
respects. Besides the basic chordatc fea¬ 
tures, both the forms exhibit the followings 
semblances: (1) the presence of dorsal and 
ventral fins, (2) the presence of endostyle 
and (3) similarities in the atrial complex. 
Besides the fact, the specialisations of 
the cephalochordatcs are exactly in the 
same direction as seen in the case of uro¬ 
chordates. This coincidence indicates that 
the cephalochordatcs have been departed 
from the main line of chordatc evolution. 
But for the unsegmented organisation in 
urochordates and for the difference in the 
developmental history, the above relation¬ 
ship becomes difficult to establish. The 


common characteristics, particularly in the 
feeding and aerating mechanisms are due 
to similar habitat. Other similarities are 
the result of their remote phylogenetic 
connection with the stock from which the 
urochordates and the cephalochordates 
have descended. 

Relationship with Vertebrata. From the 
standpoint of evolution, the ascidians 
are related to the vertebrates. The tad¬ 
pole larva is compared with the larval fish. 
The neural gland is considered homologous 
with the hypophysis of vertebrates. It 
has experimentally been shown that the 
mammalian gonadotropins stimulate the 
ascidian neural gland. Various far reach¬ 
ing hypotheses have been based upon the 
discovery of the tadpole larva in the deve¬ 
lopmental history of the ascidians. The 
most remarkable one is to place them in the 
direct line of the vertebrate ancestry which 
is fully discussed in the next chapter. 

As regards the inclusion of the ascidians 
under the phylum Chordata, there is little 
doubt at present, because the tadpole larva 
is basically a chordate having notochord, 
dorsal tubular nerve cord and gill-slits. 
But the degree of degeneration undergone 
by this group becomes difficult to inter- 
prete. Two views exist on this particular 
issue. The urochordates, according to one 
view, are extremely degenerated forms and 
have descended from the ancestors which 
had all the chordate characters. In the opi¬ 
nions of the others* the ancestors of the 
urochordates. are much lower in the status 
than any existing chordatc, even lower in 
scale than the cephalochordatcs and has 
not yet acquired the distinctive charac¬ 
teristics of the higher forms. The protouro- 
chordates arose from the invertebrate chor¬ 
da tes which arc not far from the ancestor of 
the cephalochordates. As regards the inter¬ 
relationships with the urochordates, it can 
be regarded that the Larvacea are the most 
primitive forms. The Thaliaccans have 
derived from the fixed ascidians, not far from 
the ancestral compound ascidians which 
gave origin to the Pyrosomida. The com¬ 
posite ascidians are polyphylctic in origin, 

FEEDING MECHANISM 

Most of the animals move from one place 
to another in search of food. But in par¬ 
tial or complete sessile animals, this parti¬ 
cular function of locomotion is compensat¬ 
ed by the development of special structures. 
Majority, of the invertebrate chordates are 
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either sedentary or sessile and they have 
developed specialised devices to strain off 
micro-organisms from the water. Isolation 
of food materials from the water is done by 
the ciliary and glandular tracts. So the 
method of feeding is called the ciliary mode 
of feeding. The pharynx is modified in the 
invertebrate chordates to perform dual 
functions: (1) respiration and (2) food 
collection. In all of them, a constant 
flow of water current passes into the pha¬ 
ryngeal cavity and goes out through the 
atriopore. 

Structural elements associated with feed¬ 
ing. The pharynx in the invertebrate chor- 


dates plays the most spectacular role in 
straining off the food materials from the 
incoming water current. For this physiolo¬ 
gical function, the anatomy of the pharynx 
and its associated structures become great¬ 
ly altered. The pharynx includes the por¬ 
tion of the gut from the posterior part of 
the mouth cavity to the hrgirfning of the 
oesophagus. Although the pharyngeal 
apparatus is basically similar in all 
these, forms, some minor differences 
exist which depend on the degree of 
sessile habits. The differences of the 
pharyngeal apparatus in the invertebrate 
chordates are shown in the "fable 
Chordata 2. 


Table Chordata 2 


C.ONTK ASTINO FKATCR KS 


BAI.ANOOI.OSSDS 


Hli ANCHlOyrOMA 


1. Shape of pharynx 


The pharynx is 
ail elongated structure 
which is internally divi¬ 
ded into two incom¬ 
plete upper and lower 
halves bv a longitudinal 
parabranchial ridge. 
The upper one is called 
the respiratory portion 
and the lower pari is 
the digestive chamber. 


The pharynx is a sac- 
like chamber of large 
dimension. The internal 
wall of the pharynx is 
complicated. In a related 
11 roc hold; 1 1 e. I hrdmaniu , 
the internal cavity is lon¬ 
gitudinally folded to in¬ 
crease the surface area. 


2. Extension of pha¬ 
rynx. 

The pharynx is con- 
laineil in the branrhio- 
geniial region of the 
trunk. 

Extended from the j 
mouth nearly to the base ; 
of the body. 

T Relationship bet¬ 
ween month and pha¬ 
rynx. 

The mouth leads into 
a short buccal tube 
which opens into the 
pharynx. 

The mouth is situated 
at the centre of the velum i 
and placed in the poste¬ 
rior end of the oral funnel. 
The mouth opens into the j 
pharynx. 

4. Relationship bet- 
n pharynx and in¬ 
testine. 

The pharynx leads di¬ 
rectly into the straight 
intestine. 

The pharynx is coinmu- 
i nicatcd with the stomach 
through a narrow oeso¬ 
phagus. 

5. Mode of attach¬ 
ment of the pharynx. 

The pharynx Is atta¬ 
ched witli the body by 
the dorsal mesenteries. 

[ Only the ventral side of j 
the pharynx is attached \ 
with the mantle along the j 
middle line. ■ 

5. Atrium 

Absent. 

A special cavity called f 
the atrium or peribra'n-.; 
chial cavity encloses the j 
pharynx on all the sides : 
except the ventral one. j 


The pharynx is jj large 
cylindrical and highly 
o impressed eh a n ibor. I ake 
diat of Ascidia, the phar¬ 
yngeal #cavfty is very 
much complicated. 


Extends nearly the an¬ 
terior half of the body. 


The mouth is situatecUit 
the end of the vestibule 
which is preceded by the 
oral hood and buccal 
cirri. A wheel organ is 
present in the vestibule. 
The month leads into the 
pharynx. Like that of 
Ascidia, the mouth is 
guarded by velum. 


The pharynx opens into 
a straight midgut. 


Only the dorsal side of 
the pharynx is united 
with the body wall. 


The atrium envelopes 
the pharynx on all the 
sides except the dorsal. 
The atriopore is located 
posteriorly. 
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Table Chordata- 2 (contd.) 

CONTRASTING FEATURES I BALANOOI.OSSUS I ASCIDIA RKANGHIOSTOMA 


7. Gill-slits The upper respiratory 

half is perforated by nu¬ 
merous U-shaped gill- 
slits which increase with 
age. Each gill-slit leads 
into a branchial sac 
which in turn commu¬ 
nicates to the exterior 
by a gill-pore. In Bala- 
mgltmrn misakiensis the 
.. first four branchial sacs 
fuse to Ibrni a common 
branchial sac opening 
by a single gill-pore. 
The gill-bars contain 
innumerable long vi- 
bratile cilia. 

8. Pharyngeal cavity The cavity is almost 

uniformly lined by cilia 
and mucous cells. 


9. Hypopharyngeal | No such structure is 

tract. ' \ present. 


10. Hyprrpharyngeal | Absent 
tract. ! 


11. Peripharyngeal j Absent 

ciliated tracts. I 


Mechanism of food concentration. The 

t food of the invertebrate chordates corn- 
| prises of micro-organisms which are sus- 
§ pended in the sea water in a very dilute 
condition. The food particles are to be 
filtered out by removing the. excess of 
f water from the pharyngeal cavity. This 
phenomenon is effectively done by an 
efficient mechanism of food concentration. 


The atrium opens to the 
exterior through the atri- 
pore situated on one an¬ 
terolateral side of the 
body. 

The pharynx is pierced The lateral wall of the 
on all sides except the line pharynx is perforated by 
of attachment with the obliquely arranged verti- 
mantlc by innumerable cal gill-slits. There are 
vertical stigmata. The two types of gill-slits, the 
stigmata bears series of primary and secondary 
papillae containing mus- ones. There are about 200 
cles and cilia. gill-slits which increase 

with age. Each gill-slit 
opens directly into the 
atrium. The torigin*-bars 
are provided with long 
cilia. 


the cilia and glandular Like that of Ascidia. 
elements arc restricted in- definite ciliated tracts 
to definite tracts. are also present in Bran¬ 

ch ios l orna. 

A highly developed cn- Endostyle consisting of 
doslyle is present inside tracts of ciliated cells 
the ventral side of the alternating with mucus- 
pharynx. Endostyle acts secreting cells is present, 
as a fly-paper. The endo¬ 
ws tyle has two rows of 
mucous cells separated by 
rows of ciliated .cells. A 
group of median cells with 
extremely elongated cilia 
is present at the middle. 

On the niidvenlral line j A median groove called 
of the pharyngeal cavity, j the epipharyngeal or 
i.e.. just opposite to the j liyperpharvngeal groove 
endostyle, there lies the ] is present opposite to the 
dorsal lamina from which I cndostvle. 
hangs a number of curved ! 
bodies called the larigucts. j 

The dorsal lamina and ■ The epipharyngeal gio- 
the endostyle are joined : ovc and the endostyle 
by the peripharyngeal ci- : are connected anteriorly 
liary bands. • by peripharyngeal ciliat¬ 

ed tracts. 

'The cilia of the gill-bars in the pharynx 
beat synchronously and by their powerful 
movement a current of water is produced 
which after entering the mouth passes to¬ 
wards the pharynx. The velar tentacles in 
urochordates resist the entry of big par¬ 
ticles which are undigestable. The same 
function is performed by the buccal cirri in 
the cephalochordates. In cephalochordates 
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the wheel organ creates a vortex of water 
and focus it towards the mouth. Before 
entering the pharyngeal cavity the velar 
tentacles sieve off sand grains and other 
unwanted particles. Enormous quantity 
of water containing the food enter into 
the pharyngeal cavity and most of the water- 
goes out to the atrium in urochordates 
andeephalochordates and directly to the 
oritSoe in heinichordates through the 
gill-slits or their derivatives. In hcini- 
chordatcs, the food particles along with the 
sand grains are entangled by the mucus 
secreted from the glands present in the 
mouth cavity and passes through the 
pharynx into the intestinal cavity. The 
mucus secreted by the proboscis entangled 
the sand and other food particles. The 
mucus coated food particles are pushed 
directly into the mouth by the ciliary 
action. This transit is assisted by the ciliary 
beatings of the ciliated strips so that the 
food matters are driven towards the intes¬ 
tine. Digestion occurs in the intestine and 
the sand grains are eliminated in the form 
of castings. 

In urochordates and ccphalochordatcs 
the endostyle entangles the food by its 
viscous secretion of mucus. The cilia of the 
endostyle transform the food into a mucous 
rope which is driven forward towards the 
peripharyngeal groove where from it tra¬ 
vels backwards through the hyperpharyn- 
geal groove in cephaloehortlales and the 
dorsal lamina in cast; of urochordates into 
llie intestine by the ciliary action. In the 
intestine the food is digested and the un¬ 
digested products are discharged through 
the anus. 

The most important feature of the ciliary 
feeding in invertebrate chordatcs is that 
the selection and filtration of the food arc 
done by physical means. 'This method of 
feeding is a variant of the general process 
observed in other forms where the sorting 
of the food particles is done inside the 
pharyngeal cavity. The presence of nume¬ 
rous gill-slits is an adaptive feature 
which facilitate the elimination of ex¬ 
cess of water from the pharyngeal pavity 
and also help in the process of gaseous 
exchange. 

The pharynx of the invertebrate chor¬ 
datcs has been specialised and elaborated 
as a food concentrating apparatus in addi¬ 
tion ;.o its normal respiratory function. 
This apparatus shows close similarity in 
the different invertebrate chordates. The 


degree of specialisation of the pharynx in 
these forms bears a distinct ratio to their 
sedentary habits. The close similarities in 
the structure and function of the pharyn¬ 
geal apparatus are suggestive of the original 
habit of the. earliest ancestral chordates 
from which they have evolved. 

INTERESTING INVERTEBRATE tlHOR- 

DATES 

The inveretebrntr chorda It* include a large 
number of diverse forms. Besides the foregoing des¬ 
cription of a few typical represent a lives, a brief 
account of some peculiar forms are given below. 

8aceoglo.uus 

Saceof*hssus ( Dolii/ioglossus) is a typical euter- 
opncusl and is constructed on the basic entcrop- 
neuslau plan (Fig. 2.22A). Sacroglossns bears some 
peculiar individual features. It excavates spiral 
burrow for living. Sa'cnglo pygnmus is the. 
smallest cutcropneusl measuring about 2- 3 cm 
long. The proboscis is exceptionally elongated and 
slender in ibis genus. Tin: posterior fold of the 
collar hangs like operculum over the anterior end 
of the trunk. The glandular collar epidermis 
exhibits three distinct histological regions. # The 
oesophagus opens to the exterior through four 
to six pairs of dorsal canals. The dorsal proboscis 
nerve cord expands into a- fail-shaped area, in the 
posterior part of ihe proboscis. • 

Cephnlodiscus 

Ccpbahdisun is a typical g«-mis under the class 
l-tcrobranchia. Many animals live in association and 
inhabit a branched upright tubes .secreted by them. 
The tubes are called the rmtedum of unknown com¬ 
position. Foreign particles like sand grains, broken 
molluscan shells and spicules of sponges adhere to 
the rocnccium. Each Lube is occupied by an indivi¬ 
dual or zooid. All the tubes are fixed permanently 
on the substratum. Flu* body is divided into three 
regions. The proboscis is represented by a double 
disc-like structure which is tilted as the upper lip <*> 
conceal the mouth. There are two proboscis pores 
in Cep ha Iodise us. Thccoliaf bears four to nine pair 
of arms. Each arm contains two rows of tentacles 
which arc lipped by glandtgar knobs. The trunk is 
subdivided into two portion!*; an anterior sacciform 
part containing the alimentary canal and gnnads’and 
a posterior slender part for attachment with the tube. 
The alimentary canal is L T -shaped with ihe mouth 
and anus located on the same side of the body. A 
single, pair of gill-slits is present. Tougue-bars and 
skeletal supports arc absent. The gonads arc two in 
each zooid and are symmetrically placed in the 
anlerodorsal part of the trunk. Asexual reproduction 
by budding is common. Buds are produced in a 
localised budding zone near the stalk. Each zooid 
may possess one to fourteen buds at a time. All the 
zooids in an aggregation have arisen from a single 
sexual progenitor by the process of budding. 

Rhabdopleura • 

Rhabdoplemra is a colonial ptcrobranch (sec Fig. 
2.23). The zooids secrete small, erect and ring-like 
tubes of 6-7 mm in height. All the tubes are joined 
basally by a black stolon. This stolon also connects 
all the zooids of the colony* The zooids resemble 
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Fig. 2.22. Some invertebrate chorda tcs. A. Saccoglossuf, li. Botryllus . C. Qikopleura . D. A colony 
of Pyrosoma . D,. Longitudinal section of Pyrosoma. I> 2 . A portion of the wall of the colony is enlarged 
to show the disposition of two zooids. E. Molgula. F. Longitudinal sectional view of Salpa. 


closely those of Cephalodiscus except that die zooids Atubaria 

are very small and measuring below one millimeter Atubaria is a solitary plerobrauch closely related 
in length. Only one pair of arms is present in the to Cephalodiscus. The coenccium is absent. The 
collar. The gill-slits are totally absent. Single gonad body is about 1-5 mm long. The collar bears four 
is present and is situated on the right side of the pair of tentaculated arms. The distal ends of the 
trunk. second pair of arms are devoid of tentacles and 
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rod-like in appearance. The stalk lacks the ad¬ 
hesive tips and the Atubaria clings on the hydroid 
colonies by its stalk. The pharynx'is perforated by a 
pair of gill-slits. 



Salpa 

Sfil/m is a typical pelagic tunicate resembling 
superficially the Doliolum, but differs in details. It 
lias a fusiform body which is covered over by a thin 
and transparent lest. The muscle bands form in¬ 
complete rings (lfeirnmyaria) in Salpa. The mouth 
and anus are located at the two ends of the body 
(Tig. 2.22F). The life-history involves the alterna¬ 
tion of generations. The sexual form produces a 
single egg which develops within the mother and 
nourished by a diffused placenta. The tadpole larva 
is absent. The developing embryo becomes the 
‘Nurse ZooicP or ‘Oozooicl 5 which produces a long 
chain-like blastozooids. The blastozooids are set 
free in course of time. 

Doliolum 

The anatomical organisation of Doliolum is 
basically similar to other ascidians but it differs in 
certain points. The solitary sexual form (Gofto- 
zooid) is barrel-shaped and is provided with seven 
or eight muscle bands that encircle the body comple¬ 
tely (Gyclomyaria). By the contraction of these 
muscle bands, Doliolum swims in water. The oral 
and atrial funnels become elaborated into ten to 
twelve lobes at the two cxtenuities of the body 
(Fig. 2.24A). 'The test is very thin, transparent and 
noncellular. The oral funnel opens into a spacious 
pharynx, the wall of which is perforated by the 
dorsal and ventral rows of stigmata. The dorsal 
lamina is absent. But the endostyle and the peri¬ 
pharyngeal ciliated bands arc present. The peso- 
phagusjleads into a small stomach. The intestine is 
very short and is partially U-shaped. The dorsal 
side is comparatively extensive. The dorsal neural 
4 


49 

ganglion and subnrural gland are located anteriorly. 
The neural ganglion gives nerves to the eight 
muscle bands. The heart is located posterior to the 
endostyle. The sexes are united. The free-swimming 
Doliolum has originated from sessile ancestor. The 
ovary and testis are located ventral to the body. The 
eggs are liberated in the cloacal chamber and finally 
expelled to thp sea water. Fertilization is external. 

Development and life-history « 

Cleavage is holohlastic. Gastrulation occurs by 
embolic fashion. A tailed tadpole larva emerges out 
after gastrulation. The tailed larva represents the 
asexual stage. (Fig. 2.21 B). The tail is compara¬ 
tively short and acts as the locotnotory organ. Meta¬ 
morphosis of lhe tadpole larva starts without the 
larva being fixed to the substratum. The process of 
metamorphosis is shown in f igure 2.24. The tail is 
gradually lost and the tadpole larva is transformed 
into a ‘Nurse’ or ‘Oozookl’ having a codophore on 
the posterodorsal side ami a ventral stolon. Numer¬ 
ous buds are developed on I nc posterodorsal side and 
a ventral stolon. The buds have the power of migra¬ 
tion and become localised on the codophore in rows. 
The codophore becomes elongated and most of the 
the buds transform into the zooids. The zooids pre¬ 
sent on the codophore are divided into two major 
types, the lateral and median zooids. The laLeral 
zooids are converted into the trophozooids. But some 
of tlu* median zooids develop into the phorozooids. 
On the stalk of the phorozooids a few buds remain 
attached which ultimately develop into the gouO- 
zooids. So in the life of Doliolum, there are three 
types of zooids. The biology of tbcV.ooicls are: 

(1) TROPHOZOOIDS These sessile zooids 
arc nutritive and respiratory in functions. These 
are sterile and remain attached with parent. 
(2) PHOROZOOIDS---These are. also sterile, 
but are set free in wa ter. (3) G< ) NOZOO 1 f )S- The 
gouozooids arc sexual forms, which are carried and 
nursed by the phorozooids until, the sexual maturity 
is attained. After attaining sexual maturity, the 
gouozooids become detached from the phorozooids 
and lead independent free-swimming life. 

M algula * 

Molgula is a very important European monoasci- 
dian (Fig. 2.22E). It is built on the typical ascidian 
plan. The body is either ovoid or spherical in shape 
and measures about 3-ft cm in diameter. Both the 
oral and atrial funnels are large and are produced 
into six lobes. The test contains fibrils and sand 
grains adhere to the surface of the test. The stigmata 
are spiral. The internal cavity of the pharynx usually 
shows seven longitudinal folds. A single large renal 
sac is present in the right side of the body. Two 
club-shaped gonads, one oVi each side of the body, 
are present. Molgula is oviparous and the develop¬ 
ment is either direct or indirect. In some species of 
the genus, like Molgula arenosa, Molgula occulta , 
Molgula manhallensis, the development occurs with¬ 
out any larval stage, while others are lai /J parous. 

Pyrosoma 

Pyrotoma is colonial pelagic tunicate (Fig. 2.22D). 
The colony consists of mony zooids or individuals 
which are associated together to form an elongated 
hollow colony. One aid of the colony is closed and 
die other end is open. The open end serves as the 
common ‘cloaca* for all the zooids. This aperture 
of the colony is guarded by a velum (Fig. 2-22DJ). 
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Fig. 2.21. Life-cycle of Doliolinu. 

A. A Gonozooid. Ji. Advanced tailed larva. (!. Sln.ulure of “nurse” stage. D. lWciior pm lion <if 
I he asexual singe showing the migratory path of the buds from the ventral stolon to the eodophore. 
E. Showing the process of segmentation of stolon. F. A young migrating bud. G. Structure of a J'ro- 
phozooid developed from one the buds of the lateral row (alurr various sources). 


'flic opening and closure of tli; aperture is controlled 
by the velum and thus regulate the water flow. 
The zooids are arranged in an organised fashion in 
the wall of the colony. The oral ends open to the: 
outside and the atriopores open into the hollow of 
the colony (lug. 2.22D a ). The zooids are of 
asexual types and are capable of budding. The 
colony is .brilliantly phosphorescent. The light is 
emitted by the photogenic organs situated on each 
side of the pharynx. These organs are composed of 
photogenic cells. The photogenic cells contain 
numerous curved inclusions in the cytoplasm. 
Actual nature of such inclusions is not known al¬ 
though claims have been made by some workers 
that these are possibly some forms of symbiotic 
luminescent bacteria. 'The light is not produced 
at all the times, but only when the animals arc 
stimulated even by the waves of a rough sea. 

Botryllus 

Botryllus is a compound ascidian in which the 
individuals are embedded in a common gelatinous 
test (Fig. 2.22B). The colony is star-shaped and re¬ 
mains attached on the hard surface of the bottom. 
The individuals are arranged in a radiating manner 
around a common cloacal chaAiber. Each zooid has 


a separate oral funnel at the ends of the radii but 
their atrial apertures lead into a common cloacal 
chamber situated at the centre of the colon). Each 
individual is built on the typical ascidian plan. 

Oikopleuni 

Oikopleura is a tiny, ueolcnous free-swimming and 
pelagic tunicate. It lias a rounded body and r. tail¬ 
like appendage attached to the posterior end of the 
bod)'. The tail is supported by the notochord and 
also contains the nerve cord and muscles. The 
muscles do not exhibit metamerism. The tail has a 
wide and continuous fin. The tail is an cfticie.it 
locomotor organ and• remains attached with the 
body by a ball-and-socket mechanism. 

'Flic test is absent and each individual makes 
a ‘house* out of its test to envelope itself. The house 
is secreted by the ‘oikoplastic epithelium’ a special 
part of the skin. A constant water current is main¬ 
tained by the activity of the tail. The water current 
enters into the house by a pair of filtering windows 
on the posterior side and passes out through a system 
of filtering pipes in front of the mouth (Fig. 2.22G). 
Minute ciiiates or flagellates are caught in the 
filtering pipes and are sucked by the mouth. The 
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pharynx bears two gill-slits, endostyle and peri- shaped. A large hermaphroditic gland is present in 
pharyngeal bands. The alimentary canal is U- the posterior end of the trunk. 

t 


SUMMARY 


1. The chordatcs present dilTcrenl gradations 
of structural organisation from the simple to 
complex. 

2. The bcrnichordalcs. nrochordates and ceplia- 
lochordatcs are the primitive members of the phy¬ 
lum Chordata. These animals are collectively called 
the invertebrate chordates or protorhordates or 
lower chordatcs. 

3. Tint rest of the chordatcs, besides the inverte¬ 
brate chordatcs, are called the vertebrates or cra- 
niat.es, The vertebrates are characterised by having 
vertebral column and skull, which arc lacking 
in the invertebrates chordatcs. 

4. The invertebrate chordatcs constitute a very 
small group of animals and at the same time they 
form a transitional group between the invertebrates 
and the vertebrates. 'Hie invertebrate chordatcs are 
placed under three subphyln, Ccphalochoidata, 
Hemiehordata and Urochordata. 

“>. The Gophalocliordata possesses two genera, 
Bramhiosloma and AsytnmcUon. Both the forms exhibit 
a fair picture of typical chordatc and fulfil the theo¬ 
retical definition of the Chordata. 


6. The Hcinirhnrdata represents a very interest¬ 
ing and primitive group of chordatcs being e\am- 
plificd by Balanoglossus, Cefihulodiscus % BJttibdufdcura, 
Phnctosfihaera and many others. Because of their 
peculiar anatomical construction, the systematic 
status of the whole group remains a perennial con- 
troversu 1 problem. 

7. The suhphylum Urochordata is a unique 
group consisting of members showing high degree 
of variation in structure, habit and habitat. Uro- 
chordates exhibit certain exceptions to the chordate 
organisation, like the retrogressive metamorphosis, 
alternation of generations and formation of colony 
by the process of budding from a primary sexual 
progenitor. All the nrochordates arc included under 
three < lasses: Ascidiucea, Thaliacea and Larvacca. 
The typical examples are: Ciona , Herdmania, A.scidin, 
Botryllus . Doliohmt , Satfta. etc. 

8. All the invertebrate chordatcs are exclusively 
marine animals. Most of them arc; sessile in adult 
stage and feed upon micro-organisms that are 
collected by the ciliary action. The pharynx inujjnf 
them become highly specialised for dual functions: 
(/) respiration and («) food collection. 



CHAPTER 3 


Phylum Chordata—Vertebrates 

The vertebrates constitute the main subdivision of the phylum Chordata. All the 
vertebrates are placed under the subphylum Vertebrata or Craniata. In addition to 
the basic chordatc features, the vertebrates possess many specialised characteristics that 
distinguish them from the invertebrate chordat.es and invertebrates. The main diff¬ 
erence lies in the position of the nerve cord (Fig. 3.1) # ^ 



Fig. 3.1. Showing ihc contrasting position of the nerve cord in an earthworm (A), a cockroach 
(B). a cephulochordate (C) and a vertebrate (D). 


IMPORTANT FEATURES 

The diagnostic features of the subphy¬ 
lum Vertebrata are many and it is a diffi¬ 
cult to give an exhaustive account of 
all the characteristics. To name a few, 
these are: (1) All vertebrates have both 
internal and external skeletal systems. (2) 
The. presence of vertebral column is signi¬ 
ficant, because the group gets its mame 
from this structure. The vertebral column 
is present in a rudimentary condition in 
-Gydostomata, it is well-formed in higher 
vertebrates being composed of segmental 
bony or cartilaginous rings called the 


vertebrae. The vertebrae are articulated 
with one another by movable joints. (3) A 
distinct cranium or brain-case is present to 
house the brain. Possession of cranium has 
given another name for the group as the 
Craniata. The cranium is formed by the 
fusion of several fiat cartilaginous plates 
around the brain called the chondrocranium. 
By the coalescence of the extra bones and 
subsequent ossification, the simple chon¬ 
drocranium has converted into a very com¬ 
plex skull. (4) All vertebrates have a well- 
developed head, i.e., cephalisation is well- 
marked. (5) The anterior part of the nerve* 
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tube becomes specialised to form an ela¬ 
borate brain. The brain is associated with 
some special sense organs like ear, nose and 
eye. (6) In all vertebrates, a .dorsal and a 
ventral pair of nerve root are given out in 
each segment from the spinal cord. These 
dorsal and ventral roots remain separate in 
lower vertebrates like cyclostomes, but in 
higher forms these two roots unite to form 
a common spinal nerve. The ventral nerve 
is efferent or motor in nature because it 
carries the impulses from the central ner- 
\ous system to the effector organs. The 
dorsal nerve is of mixed type, i.e., it con¬ 
veys mainly the impulses from the sensory 
neurones to the central nervous system 
while a few fibres are motor in function. 
The dorsal nerve bears a swelling called 
the spinal ganglion. (7) Paired lateral app¬ 
endages (fins or limbs) are present which 
help in locomotion. Paired appendages 
occur universally in the vertebrates 
except the cyclostomes and some secon¬ 
darily degenerated forms. (8) The cir¬ 
culatory system comprises of a specia¬ 
lised ventral heart (having at least three 
chambers), distinct blood vessels and red 
•blood corpuscles containing haemoglobin. 
Hepatic portal system is present in all ver¬ 
tebrates which constitute a specialised part 


of the venous system carrying blood from 
the intestine to the heart via the liver. (9) 
A post anal tail is mostly present. The tail 
is regarded as the prolongation of the pos¬ 
terior part cf the trunk behind the anus. 
It lacks the coclomic extension. (10) The 
excretory system is made up of jhc meso¬ 
dermal kidneys which regulate the osmotic 
pressure and also excrete the nitrogenous 
wastes from the body. (11) Endocrine 
glands, secreting the hormones, arc present. 
The hormones coordinate mostly the func¬ 
tional activities of the internal organs. 

INVERTEBRATE CHORDATES mm 

VERTEBRATES 

As already mentioned in the Chapter-2, 
the cephalochordales, hcniichordat.es and 
urochoi dat.es are designated as the Inver¬ 
tebrate chordates and the rest of the* 
ehordat.es are called the Vertebrates. The 
invertebrate chordates and vertebrates 
have a similar fundamental body cons¬ 
truction. Because of this fact these two 
groups are included under a c.omryon phy¬ 
lum. Despite of the resemblances these 
two groups exhibit certain contrasting 
features which are tabulated in Table 
Ghordala-3. 


TABLE CHORDATA-3 


CONTRASTING FEATURES INVERTEBRATE CHORDATES VERTEBRATES 


1. Notochord 


It is an cndodermal deriva¬ 
tive and develops directly from 
wall of the archcnteron. In 
hcmichordates, this structure 
is of doubtful nature, in uro- 
chordates the notochord is res¬ 
tricted mostly in the larval 
phase, but in cephalochor- 
dates it is persistent in adult. 


It develops from the em¬ 
bryonic mesoderm and origi¬ 
nates indirectly from wall of 
the archcnteron. The noto¬ 
chord is usually present in the 
early stages, but in adult it is 
partially or wholly replaced 
by the vertebral column. 


2. Neural tube 


Fusion of the lips of the 
medullary groove commences 
from the posterior to the an¬ 
terior end. 


Fusion starts from the an¬ 
terior to the posterior end. 
The anterior part becomes 
the brain and the posterior 
portion remains as the spinal 
cord. 
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TABLE CHORDATA-3 (contd.) 


CONTRASTING FEATURES INVERTEBRATE CHORDATKS VERTEBRATES 


3. Neural crest: cells Absent . Present. The neural tube 

formation is always assoc iated 
with the detachment of neural 
crest t'ells hom the two dorso¬ 
lateral sides of the neural tube. 
The neural crest cells form 
pigment cells, cartilage and 
some neurons. 

Partly enterocoelic in origin. 


Through the animal pole, 
i.<\, the end of the egg from 
which the polar bodies come 
out. 

G. Atrium Present except the hemi- No such cavity is present 

chordates. It is a special c avity , in the body, 
formed by the involution of the 
body wall. The atrium sur¬ 
rounds the pharynx (hence 
also known as peribranehial 
cavity) and communicates 
with the exterior through the 
atriopore. 


4. Origin of Meso- ; Most ly e nterocoelic in origin, 

derm. ! 

f>. Path of entry of i Through the vegetal pole of 
sperm. * ; the egg, i.e., from the end 

i opposite to the animal pole. 


ORIGIN OF VERTEBRATES 

Since the inception of the evolutionary 
concept that the living organisms transmu- 
tate through ages, t he question of searching 
the ancest ry of the vertebrates has become 
a central problem in Biology. Extensive 
works have been done on this particular 
problem. The greatest difficulty confront¬ 
ing the workers on this line is the lack of 
good fossil records of their earlier repre¬ 
sentatives. In the early phases of the evo¬ 
lutionary history, many invertebrates have 
been brought to the' forefront of the verte¬ 
brate evolution. It will not be an exaggera¬ 
tion to speak out that; almost all the inver¬ 
tebrate phyla lias been suggested to hold 
the key of vertebrate evolution. But the 
recent inclinations do not. accept the idea 
of derivation of t}ie vertebrates directly 
from any specialised adult invertebrate. 
The dynamic larval stage of some inver¬ 
tebrate forms are claimed to be the possible 
progenitor of the caj'ly chordates which 
have evolved into the higher forms. 


In the present discussion on the origin 
of vertebrates, all the views extant on this 
topic have been reviewed. Special empha¬ 
sis has been given to the recent ideas and 
the older views have been mentioned only 
as a piece of historical importance. All the 
interpretations and arguments have been 
focussed into the perspective that the 
invertebrate chordates, originating from 
some invertebrate source, have given the 
origin of the vertebrates. The most logical 
evolutionary trend will be as follows: 

INVERTEBRATES >INVERTEBRATE G7IORDA- 

TES -* VE RT EBRATES 

BIOLOGICAL ORGAN IS ASION 

The chordates, as already been discussed, 
constitute a very large group which in¬ 
cludes the invertebrate chordates and the 
vertebrates. They arc characterised by 
having some identifying features. These 
features are again repeated to draw paral- 
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Jclism between the vertebrates and the in¬ 
vertebrates in the phylogenetic discussion 
of the vertebrates. These features are: 
(1) Body is bilaterally symmetrical. (2) A 
dorsal tubular nerve cord is present. The 
anterior part becomes specialised into a 
brain in the vertebrates. (3) Notochord is 
present at least in any stage of lifc-historv. 

(4) The pharynx is perforated by gill-slits. 

(5) The coelom is entcrocoelous in origin. 

(6) Cephalisation is well-marked. (7) Meta¬ 
merism is present. (8) A pulsating organ or 
heart is present in the ventral side of the 
body. 

In search of Ancestry 

Similarities existing between some inver¬ 
tebrates and the chordales have led to the 
enunciation of several theories on the ori¬ 
gin of vertebrates. All these theories postu¬ 
late the origin of vertebrat es either directly 
from some invertebrate source* or through 
the intermediate pathway of the inverte¬ 
brate chordales. 

C<)ELKNTKRATE THEORY 

Masterman (1897) advocated that the 
bilateral symmetry and the tiiploblastic 
condition of the earlier stages of Ihanchios- 
Uma have been derived from some round 
coc lent crates. Such an idea yielded no solu¬ 
tion. to the problem. The coclcnterates 
stand at a very lower level of metazoan 
grade of organisation ancl the attempt to 
advoc ate the emergence of tin* chordales- 
directly from such a lowly organised group 
seems to be unjustified. 

NEMERTEAN WORM THEORY 

The idea of the origin of the chordates 
from the nernertean worm was advanced by 
Hubrecht in the year 1887. He put forward 
the following arguments in support of his 
contention. These are: (1) The long pro¬ 
boscis with its sheath in nernertean worm 
can be regarded as the primal source of the 
notochord. (2) The lateral blood vessels 
of the nernertean worm have shifted their 
positions to become the dorsal and ventral 
vessels of the chordates. (3) Tn nernertean 
worm, the nervous system forms eight 
longitudinal cords Hubrecht and Kofoid 
have suggested the origin of a dorsal nerve 
tube at the expense of the lateral and ven¬ 
tral nerve cords. (4) Few apertures in the 
nernertean worm arc compared with the 
-gill-slits. (5) The mode of development 
of the photosensit ive cells are similar. 


All the points of homology cannot be 
proved by scientific studies. Because of the 
lack of evidences and of the existence of 
wide structural diversities, the nernertean 
worm concept on the origin of chordatc 
cannot be approved. 

imOROXIS THEORY 

Masterman (1897) tried to relate, the 
phoronids with the chordates on a phylo¬ 
genetic ground. The theory was based on 
the similarities existing between the Acti- 
notrocha larva oi' l J honmis and the Torn aria 
larva. The most important evidence comes 
from the disposition of coelom in the two 
larvae. A pair of gastric diverticula open¬ 
ing into the anterior end of the slomach is 
homologised by Masterman with the noto¬ 
chord. A septum separating the mesoeoel 
and metaeoel is present in Phoronis and 
Balanoglossus. The tentacular crown of 
Phoronis resembles the tentaculated arms 
of Ccphalodiscus. The proboscis pore of 
Biilanoglossus is comparable to the ‘water 
pore of Phoronis 

All the above observations of Masterman 
have not been corroborated*by anatomical 
evidences. The similarity on I he disposition 
of the coelom can he interpreted as due to the 
consequence of common remote ancestry 
of all the Deuteroslomous phyla. So the 
question of holding the ancestral position 
of the chordates cannot be justified. 

ANNELID THEORY 

The concept of the annelid ancestry of 
the chordates was mainly sponsored i>y 
Dohrn (187o), Semper (1876) and Minot 
(1897). They hold the view that the primi¬ 
tive, chordates have been evolved from the 
annelids, typified by the earthworm and 
some marine worms. The vertebrates have 
evolved directly horn the primitive chor¬ 
dates. The theory was based on tin* follow¬ 
ing grounds: (1 ) Both the groups have 
bilaterally symmetrical and metamerically 
segmented body. (2) The parapodia of 
annelids are comparable with the paired 
appendages of the vertebrates. (3) Well- 
developed coelom is present in both the 
groups. (4) Presence of nerve cord, although 
differing in disposition. (5) Presence of 
segmental excretory # organs. (6) Presence of 
longitudinal blood vessels and red coloured 
blood. (7) As the disposition of the nerve 
cord and the direction of the blood flow 
through the blood vessels in annelids arc 
(^metrically opposite to that of the 
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chordates, the workers advanced the idea 
that if the position of the annelid is revers¬ 
ed, the worm is assumed to have turned 
over to become a chordate (Fig. 3.2). 

But the annelid origin of chordates is not 
convincing because fundamentally a chor¬ 
date cannot be compared with the anne¬ 
lids. The nature and the disposition of the 
nerve cord in annelids are quite different. 
In annelids the nerve cord is a solid struc¬ 
ture and occupies a midvcntral position. 
But in chordates the nerve cord is a mid- 
dorsally placed hollow tube. The nature 
of segmentation is also different. The 
segmentation in annelids shows the com¬ 
plete division of the body into rings, 
whereas in chordates only the rnyotoinal 
region is segmented. In the circulatory 
system of annelid, the direction of blood 
How through the longitudinal blood vessels 
is just reversed and the haemoglobin re¬ 
mains dissolved in the plasma. In the 
chordates, the haemoglobin is contained 
in the R.B.C. The parapodia of annelids 
are in no way honfoJogous to the paired 
appendages of the vertebrates. The most 
important difficulty to support the annelid 
origin lie!? in the presence of notochord 
in the chordates, although attempts have 
been made to homologise the Taserstrang’ 
(a bundle of fibres extending along the 
nerve cord) with the notochord. The 
developmental history of the annelids 
also differs in a number of features. The 
segmentation of annelids follows a spiral 
fashion, while in chordates the cleavage 
pl'me is radial or irregular. The mode of 
formal ion of coelom is different. In anne¬ 
lids the coelom is schizococlic in origin, 
while in the chordates it is cnterococlic. 

Considering all v these contrasting fea¬ 
tures, the phylogenetic relationship bet¬ 
ween the annelids and the c hordates can¬ 
not be established. All the alleged points of 


homology are mostly speculative and have 
no solid basis to establish the relationship. 

INSECT THEORY 

Hilaire (1818) propounded the idea that 
the vertebrates might have been derived 
directly from the insects. He put forward 
the following evidences in support of his 
idea. These are: (1) The segmented body 
rings of insect are the precursors of the 
vertebral column. (2) The legs of the in¬ 
sects have in course of time form the ribs of 
the vertebrates. (3) The terguni of insect 
can be compared with the dorsal plate of 
primitive fishes. (4) Gephalisation is com¬ 
parable. (5) Hilaire put forward the notion 
that if an insect made completely over¬ 
turned, it portrays the entire vertebrate 
organisation. 

This particular concept is not accept¬ 
able, because the points of resemblances 
are mostly imaginary. The insect theory 
gets a very little recognition. Insects con¬ 
stitute a very specialised group of inverte¬ 
brates and the emergence of vertebrates 
from such a well formed organisms seems to 
be unjustified. The whole of the develop¬ 
mental events of vertebrates differ greatly 
from that of insects. 

ARACHNID THEORY 

Attempts have been made to prove the 
process of descent of the vertebrates from 
some primitive arachnids. The theory was 
established by Patten and Gaskcll. They 
have taken the oslracoderins as the typical 
representative of the primitive vertebrates 
and have set aside the Branchiostoma and 
other invertebrate chordates from the 
picture. Limulus is regarded as the primi¬ 
tive member of the Araclmida. It shows 
structural relationships with Eurypterids 
(heavily armoured fossil arachnids of the 
Cambrian to Silurian periods) and the 



Fig. 3.2. Diagrammatic representation of the supposed conversion of an annelid into a vertebrate 
(after Dodson). 
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Euryptcrids in turn resemble the Ccphalas- 
pids (ostracoderms) of the Devonian 
period. The probable line of ancestry is 
as follows: 

LIMULUS-*EURYPTERIDS-»OSTRACODERMS 

Patten (1912) wanted to show striking 
similarities between the heart and the 
arterial system of Limulus and the verte¬ 
brates. The fused cephalothoracic ganglio¬ 
nic mass of arachnid is comparable to the 
brain and cranial nerves of vertebrates. 
The ‘cndocranium’ (sternum which protects 
the central ganglionic nerve complex) of 
Limulus resembles with the primitive verte¬ 
brate cranium. The special sense organs, 
specially the eyes arc comparable. Gaskell 
(1908) has carried the theory to extremes 
by assuming that the original digestive 
system of arachnid has been converted into 
the nervous system of the vertebrates and 
the digestive system has been formed anew. 
The Euryptcrids and the ostracoderms 
have many superficial similarities, parti¬ 
cularly in the general arrangement of the 
plates and head shield. 

In spite of all efforts to execute the idea 
of the origin of the vertebrates from the 
arachnids, Patten and Gaskell have failed 
to advance any solution to the problem. 
The theory is supported by a large body of 
evidences and the arachnid theory of the 
origin of vertebrates has some historical 
value. 

ECHINODERM THKORY 

Of all the theories discussed so far, the 
Echinoderm theory on the origin of chor- 
dates is most convincing. Many investi¬ 
gators have put forward the following evi¬ 
dences from various sources to establish the 
view that the chordates have originated 
from the cchinoderms. 

Anatomical evidences: The most important 
anatomical similarity lies in the presence 
of mesodermal skeleton in both the echi- 
noderzns and chordates. The nervous sys¬ 
tem in hemichordatcs resembles very close¬ 
ly with that of the echinoderms. In both 
the cases the nervous layer is present at the 
basal part of the epidermis. 

Embryological evidences. The Torn aria 
larva of Balanvglossus and the larvae of 
echinodermata exhibit close similarity 
(Fig. 3.3). Because of the semblances, 
Johannes Muller and Bateson suggested 
that die Tornaria larva and the Dipleurula 
larva have evolved from a common ances¬ 
tral source. The common features are: (1) 


The body is minute and transparent. (2) 
Both have a dorsal pore. (3) Almost iden¬ 
tical twisted external ciliated bands are 
present. (4) Formation and disposition of 
the coelom are similar. (5) Both are free- 
swimming forms. (6) Body is bilaterally 
symmetrical. But the presence of apical 
plate with eye spots in Tornaria larva 
raises the doubt. The probable line of 
ancestry is suggested but further evidences 
are required to establish the fact. To put 
more emphasis on the relationship bet¬ 
ween the echinoderms and the chordates, 
Garstang and do Beer have added more 



Fig. 3.3. Comparison between Tornaria larva 
with echinoderm larva. A. Tornaria larva. B. Bi- 
pinnaria larva. C. Auricularia larva. 


weight lo the ancestry of the chordates 
from the echinoderm larva. They pro¬ 
posed the Neotenous Larva Theory. They 
advocated the concept that the persistence 
of the echinoderm larva and its attain¬ 
ment of sexual maturity would have led to 
a stage known as the Neotenous larval 
phase. This particular larval form would 
have supplied all the raw materials for 
chordate evolution. Garstang (1894) also 
imagined that if the ciliated bands together 
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with the underlying nervous tissue of 
Aiinai I aria larva become accentuated to 
form ridges leaving a groove between 
them and if* the lips of such grooves subse¬ 
quently become fused to form a tube, a 
structure will be produced resembling the 
chordate nervous system. However, some 
more additional supports are necessary 
particularly from the palaeontological 
side. But the chances of finding conclusive 
fossil records of such soft bodied larvae are 
very remote. 

Palaeontological evidences. The most primi¬ 
tive cchinodenns recorded in the geologi¬ 
cal history are that of Cambrian and Ordo¬ 
vician Carpoid cchinodenns. Torsten and 
Gislcn assumed that the Carpoid cchino- 
drrrns might have evolved from tornaria 
like creatures which have begun to settle 
down to lead a sedentary life. The water 
vascular system might have developed out 
of the ciliated grooves of the tornaria like 
forms. Tt has also been claimed that in the 
lower Silurian, one of the Carpoid echino- 
derins, had the <*ilyx perforated by a 
series of 16 small apertures. These apertures 
are compared with the gill-slits of Bran- 
chiostoma. The carpoid cchinodenns con¬ 
stitute a Very divergent group and some 
forms also show a superficial similarity 
with some ptcraspid ostracodcrms. 

Biochemical Evidences. The phylogenetic 
relationship between the cchinodenns and 
the chordales has been shown by bio¬ 
chemical studies also. Most of the inverte¬ 
brates conduct energy transfer with argi¬ 
nine phosphate, bill ophiuroids, cephalo- 
cliordates, ascidians and vertebrates use 
creatine phosphate. The hemichordates 
and cchinoids use both arginine phosphate 
as well as creatine phosphate. J. Needham 
(1932) has shown the presence of Phos- 
phogen as the phosphorus-carrier in the 
echinodcims and chordales. Wilhclmi 
(1942) has shown the allinity between the 
two groups by serological tests. All these 
isolated biochemical studies put more 
weight to the concept of derivation of the 
chordatcs from the cchinodenns. 

Ancestry of Invertebrate Chordates 

None of the theories except the echino- 
derm theory has received any at tention, no 
matter how skillfully the theories have been 
presented. Neither annelids nor arthropods 
can be regarded as the ancestral form of 
the chordates. Efforts tp make such deri¬ 
vations show the fallacy to derive one 


highly specialised group from another 
highly modified one. The recognition of 
real relationship between chordates and 
echinoderms has been the natural ten¬ 
dency at the present days, because the 
ancestral garment fits well upon the group. 
Attempts have been made to solve the 
problem from different angles: 

1. Consideration of relationship in larval 
organisation. 

2. Evidences deriving from the morpho¬ 
logical studies. 

3. Supports from the biochemical ex¬ 
perimentations. 

4. By comparing fossil echinoderms with 
the fossil chordates. 

By setting aside the controversies on this 
issue, it is universally accepted that the 
dynamic larval forms of echinoderms hold 
the key of chordale ancestry. The recent 
inclination is to follow Gars tang's view that 
the free-swimming auricularian larva by 
pacdomorphosis have given origin to the 
chordates. Although no convincing evi¬ 
dence is ready at hand to explain the pro¬ 
cess of such transformation, it is assumed 
that (he progenitors of the early chordates 
lie in some forms of cchinodcrni larvae. 

Origin of the Vertebrates from Inver¬ 
tebrate Chordates 

Claims have been made by many that 
vertebrates have been evolved directly 
from some invertebrate source. But the 
logical conclusion is that the Invertebrate 
chordates have been evolved from inverte¬ 
brate (probably from the echinoderms) and 
the vertebrates originate from the Inverte¬ 
brate chordates. 

HRANCIIIOSTOMA AN CESTRY 

The theory of the origin of vertebrates 
from Branehiosloma appears to be convin¬ 
cing, because it fulfils the theoretical defini¬ 
tion of a typical chordatc organisation. Spe¬ 
cial emphasis has been pul on the presence 
of notochord, dorsal tubular nerve cord 
and the pharyngeal gill-slits. For this rea¬ 
son it was believed that the Branchios- 
toma has channelised the line of verte¬ 
brate evolution. It has a fish-like appear¬ 
ance and gives a fairly typical picture of 
an early .stage in the vertebrate evolu¬ 
tion. Branchiostoma exhibits many struc¬ 
tural similarities with the Ammococtcs 
larva of Lamprey. Both of them possess 
the following common characteristics: 
(1) ‘V’-shaped myotomes. (2) Oral hood. 
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(3) Continuous dorsal fin. (4) Velum and 
velar tentacles. (5) Endostyle. 

Due to thfe structural resemblances with 
the Ammocoetes larva it is suspected by 
many that the grade just above Branchio- 
slorna in the evolution of vertebrate is well 
represented by Anunococtes larva. But 
difficulties stand in assuming Branchiosto- 
nia as the true ‘stein-form’ in the evolution 
of vertebrates. Though it is undeniable that 
it lias many archaic chordate characteris¬ 
tics, yet it may at best be regarded as the 
primitive chordate. A thorough survey of 
the anatomical organisation reveals the 
existence of many specialised as well as 
degenerated features. Such highly specia¬ 
lised and degenerated form cannot possibly 
react to the evolutionary dynamicity of 
the vertebrates. The structural organisation 
throws much light on the? probable ances¬ 
tral vertebrate form. Brandiiostonia stands 
nearest to the true ancestral vertebrates but 
its sedentary habit offers the strongest 
obstruction in assuming the biological 
changes of the vertebrates from sessile 
animal like Branchiosloma. 

BALANOCIt.OSSl'S ANCESTRY 

Balanoglossus is regarded as the ancestor 
of the vertebrates. The Tornaria larva 
shows marked resemblance with the cclii- 
noderm larvae. Wilder regarded the evo¬ 
lutionary succession of the hypothetical 
eehinoderm ancestor into Balanoglossus 
and the Balanoglossus to the vertebrates. 
But difficulties lie in the fact that Balano¬ 
glossus does not fulfil the standard criterion 
of the chordate. The simpler organisation 
of Balanoglossus cannot be denied but iis 
degeneration remains questionable. The so- 
called notochord (anterior extension of the. 
dorsal wall of the pharynx) is a very doubt¬ 
ful structure. All the recent workers do not 
accept this structure as the notochord. The 
nervous system in Balanoglossus is more of 
invertebrate type than that of the chordate. 
So the only important chordate charac¬ 
teristic remains in the presence of pharyn¬ 
geal gill-slits. 

UROCHORDATE ANCESTRY 

N. J.JJerrill in his book “Origin of verte¬ 
brates” (1955) attempts to find a new line 
of' approach on the problem of vertebrate 
evolution. Such a line of ancestry lias never 
been proposed by any body. Urochordates 
have long been removed from the picture 
of the ancestry of vertebrates. But Berrill 


has tried to bring the urochordates to the 
forefront of vertebrate evolution. Accord¬ 
ing to him, the question of degeneration is 
nothing anew in lower chordates. The 
sedentary habit of the urochordates shows 
close conformity with other sedentary 
Invertebrate chordates. Berrill wants to 
impress on the fact that, tint free swim¬ 
ming tadpole, larva of urochordates has 
come from the sessile' life of the verte¬ 
brates. This idea forces us to abandon the 
long accepted notion that from the free 
swimming larvae sessile condition in adult 
came into existence*. Berrill thinks that the 
free swimming tadpole larva through deve¬ 
lopmental pacdotnorphosis (i.<\, effectively 
exhausting the potencies of red if ft *mi na¬ 
tion of cells through certain unknown fac¬ 
tors) has avoided the sedentary condition 
and maintains a perennial live living habit. 
He added no importance to Branchiostoma 
as the direct ancestor of vertebrate and pre¬ 
tends that tlu* immobile habit cannot, pos¬ 
sibly give rise, to mobile vertebrates. Bala- 
noglossus cannot hold the key of verte¬ 
brate line of descent. So Berrill is driven 
to the inevitable conclusion that the dyna¬ 
mic tadpole larva of urochordates is the ; 
actual source from which vertebrates have 
been evolved in space and lime. 

Benill lias put forward the following 
arguments to support his interpretation* 
According to him the tadpole larva in uro-* 
chordate has been evolved within the group 
to fulfil certain specific ascidian needs and 
has never been inherited from others. Tn: 
course of development some tadpole lar-1 
vae become, neotenous and coast'd to nfeta- ] 
morph os e into adults. They started re- ] 
producing sexually as free-swimming j 
organisms. This phenomenon lias taken- 
place in the oceanic surface water. During 
the earlier part of the pelagic evolutionary 
phase some members used to exploit the 
river mouth. The effective locomotory 
power has enabled the tadpole larvae to 
make an excursion into the far extent in 
the river system. At first, such excursion 
into the river system was intended solely 
for feeding and they used to return to 
ocean for breeding. Branchiostoma, as we* 
see today , is one of such relics of such tran¬ 
sitional phase which rediscovered some ad¬ 
vantages of oceanic file* and become re- 
adapted to it. Within the river system,^ 
such tadpole larvae directly evolved into- 
relatively simple unarmed ostracoderms.j 
Such ostracodcms represent the vertebrate] 
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prototype which has given origin to the spe¬ 
cialised ostracoderms and subsequently to 
the true fishps. 

The probable line of evolution of Verte¬ 
brates is shown in Figure 3.4. 


Place of origin 

The place of origin is not clear. The 
actual place of origin of the early chordates 
is probably the sea. It is accepted that some 
echinoderm larvae in course of develop- 


hemichorduies urochordatcs 


vertebrates 


cephalochordales 



Time of origin 

The cliQrdates constitute very ancient 
forms and the tangible fragmentary re¬ 
mains of the invertebrate chordates have 
been recorded in the Cambrian strata 
and that of ostracoderms in the middle 
Ordovician time. But the relies discovered 
in the strata, are of those creatures 
who had already travelled a long evolu¬ 
tionary way. It can safely be said that 
the time of origin was not later than the 
beginning of the Ordovician, if not long 
before. 


irient have given origin to some Inverte¬ 
brate chordates. Both the echinoderm 
larvae and the Invertebrate chordates are 
all marine. From this point it can be sug¬ 
gested that the early chordates evolved in 
sea. But the place of origin ol' vertebrates 
is not definitely known. There is no direct 
evidence about the exact site of origin. 
With all probabilities, the place of origin 
lies in the river system very near to the sea. 
This concept of fresh water origin of the 
vertebrates is sponsored by recent workers 
of this line. 


SUMMARY 


1. The ■phylum Chordata include - two major 
groups—die invertebrate chordates and the verte¬ 
brates, The vertebrates possess a vertebral column 
and a cranium, which are lacking in invertebrate 
chordates. 

2. Although based on the same fundamental 
plan, the invertebrate chordates and vertebrates 
exhibit a number of contrasting characters. 

3. The origin of the vertebrates in space and 
time is a very complicated problem. 


4. Many theories exist on the ancestry of die 
vertebrates. All the theories can be moulded into 
one idea that the invertebrate chordates originating 
from invertebrate'have channelised the vertebrate 
evolution. 

5. Some forms of echinoderm larvae are accep¬ 
ted to hold the ancestry of the invertebrate chor¬ 
dates. There arc? many supporting evidences on this 
point. 

6. The lree-swimming ascidian tadpole, after 
emerging from unknown echinoderm ancestor, has 
evolved into the vertebrates. 



CHAPTER 4 


Phylum Chordata—Jawless vertebrates 

The extinct ostracoderms and their present descendants, the cyclostomcs cousti- 
titute a special group of jawless vertebrates (Fig. 4.1). 'Fhey are undoubtedly the most 
ancient of all the vertebrate forms and furnish an interesting instance of experimenta¬ 
tion on feeding prior to the emergence of biting jaws. As a consequence of Such special 
mode of feeding the structural organisation of this group becomes very much modified. 
The present chapter deals with the jawless vertebrates (agnathans) with an idea to get 
an insight of the biology of early vertebrates. 



Fig. 4.1. A tew agiiathans. Note the at 

CLASS OSTRACODERMI 

The class Ostracodermi is represented by the 
fossil vertebrates of the Ordovician rocks. Although 
the fossils are mostly observed in the seas, there arc 
ample reasons to believe that their progenitors were 
frcsh-walcr forms living near the estuaries. 

IMPORTANT FEATURES 

The bony plates and the scales of the ostraco¬ 
derms are wrll-p»vservcd. They had fish-like bodies 
with heavy head armour. The literal meaning of 
the group is ‘shelled-skinned’ animals which signi¬ 
fies the head armour. Some of the forms had one 
pair of fins behind the head. The paired eyes were 
situated on the top of the head. The gills-slits were 
round and all have similar gill-pouches. The endo- 
skcletou was moderately ossified. Two semicircular 
canals were mostly present in the car. 

OUTLINE CLASSIFICATION 

The class Ostracodermi is classified into four 
orders. The orders are as follows: (1) Euphanerida , 
(2) Ptcraspidomorphi , (3) Cep'ialaspidomorphi and (4) 
Anapsida. 

Example of Ostracodermi— 

CEPHALASPIS 

Cephalaspis is the best known genus of the class 
Ostracodermi that lived during the Silurian and 
Devonian times. 


cnee of paired fins and biting jaws. 

Habit and habitat 

Cephalaspis is a bottom dweller and inhabits 
the shallow water. It excavates through mud and 
sucks in minute food particles that enter through 
the mouth. 

External structures 

Cephalaspis lias a small fish-like body (Fig. 4.2). 
The body is divided into head, trunk and tail. The 
head is dorsoventrally flattened and remains cov¬ 
ered by a slout bony carapace (or head shield or cephalic 
shield). The trunk is protected by bony plates which 
are oriented vertically. A median dorsal fin is pre¬ 
sent in tiie posterior part of the trunk. The tail is 
hcterocercal and is provided with srtiall scales. The 
head shield is formed of a single bony piece which is 
projected posteriorly in tlic forms of two lateral horns 
or projections, one on each side of the head. Attached 
to these lateral plates there are two lobed pectoral 
Jins , one on each side of these plaLes. These fins are 
covered over by scales. A pair of-closely-placed eyes 
is present on the top of the head. A single median 
nostril is located immediately in front of the eyes. A 
small pineal opening is placed in between the eyes. 
Two prominent dorsolateral depressions called the 
lateral ‘sensory fields' are recognised. These arc be¬ 
lieved to be the electric organs by many workers. 
But such an idea becomes difficult to accept when 
comparison is made with that of Torpedo , a living 
electric fish. In Torpedo, the electric organs are 
composed of specialised muscles innervated by the 
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Fig. 1.2. External features of a ceplmlaspid ostracodorm, Ccphalaspis. 


branches from the seventh am! tenth c ranial nerves. 
But in Ccphalaspis, live pairs of nerves from the 
acustico-laternlis region of the brain run to the 
depressions. The lodgement of the muscles in depres¬ 
sions outside the cephalic shield remains still diffi¬ 
cult to interprets.. 

The ventral surface of the head is protected by a 
lew small line plates. The mouth is a circular open¬ 
ing situated at the anterior end of the ventral sur¬ 
face. The mouth is devoid of biting jaws. The gill- 
slits arc: nnmriftli openings. The gill-slits are arrang¬ 
ed in two semicircles on either side of the mouth. 
There arc about ten pairs of gill-slits. The mouth 
and the gill region arc collectively called the oro- 
branchial area which is protected by a system of 
minute bony plates. 

Internal structures 

Internal anatomical construe lion of Cepha- 
laspis is incompletely known. It is presumed that the 
internal skeleton was mostly cartilaginous, as a 
consequence, fossilisation was mostly incomplete. It 
possesses a lowly formed brain with ten pairs of 
c’raYjial nerves. Five pairs of broad nerves emerging 
from the acuslico-laieialis region of the: brain form 
:l well-formed system of nerves running to the 
la lend ‘sensory fields’. 

CLASSIFICATION 

CLASSIFICATION IN OUTLINE 

Order Pluphunerida , e.g.. Jfumoytius 

Order Ptfraspidvrnorphi, e.g., Pleraspis . 7 hehtlus. 

Lunar Ida. Drtpanaspis and (loelolepis . 

Order (kphalaspidomorphi, e.g., Ccphalaspis , Ifemi- 
cyclaspis, Atcleaspis , Benneciaspis and Thyes- 
ies. 

Order Anapsida, e.g., Birkenia , Ptcrokpis, Rhyncho- 
lepis and Lasanius. 

CLASSIFICiATION WITH CHARAC¬ 
TERS 

Order Euphanerida 

This order is represented bv a single genus Jamny- 
tius, Stensio and Ritehe (19tj0> included Jamoytius 
under Anapsida. This fossil was discovered in the 


Silurian strata of England. It measures about 11! cm 
in length. Jamoytins has a very primitive body con¬ 
struction. The body is unannoured. 'flu* idea about 
the fossil came from the impression left in rock. The 
lateral tin folds and the myolomal muscles arc exact¬ 
ly like that of Branchinslonia. Jaiuoytins is regarded 
as the most archaic form in (he phylogenetic history 
of the vertebrates. Nevvth regarded Jamov tins as 
the Anunocoetes larva, of an os Ira code mi. 

(Jrder Pteraxpidonwrpbi 

Fhe members of this order arc tin- heavily 
armoured ostraeoderms of the middle Ordovician 
to Devonian periods. The fins arc absent. The head 
is flattened and is protected by a bony cephalic 
shield (Fig. 1.3). The tail is laterally compressed and 
is covered by small scales. The tail fin is of hetero¬ 
cereal type.. The mouth is a slit-like aperture. The 
eyes are widely separated. The nostrils, when pre¬ 
sent, are paired. The gill-pouches unite to form two 
gill-slits, situated one on each side behind the 
cephalic shield. The anterior portion of the snout is 
prolonged into a long rostrum. A backward K direct¬ 
ed dorsal spine projects upwards from the postcrim 
part of the cephalic shield. The trunk is covered over 
by rectangular scales. Lateral line is distinct. TIu: 
examples are: Pteraspis, Lawn Ida, llwfodm, Cvcfokpis 
and Drcpanasph. 

( )rder Cephalnspidomorph i 

These ostraeoderms have a single nasal apeiture 
situated far back on (he head The eyes are closely 
placed the dorsal side of the carapace. 7 he head 
is expanded, dorsoven I rally flattened and is covered 
by a thick continuous cephalic shield (carapace) 
which is prolonged laterally into two lateral horns. 
The surface of the carapace is ornamented with 
spines and tubercles. The trunk is covered by 
elongated vertical scales. Well-formed dorsal and 
pectoral fins are present. The tail is heteroccreal. 
The typical representatives are: Ccphalaspis , Uerni- 
cyclaspis , Thyestes, Didymaspis, Benneciaspis , Kiaerasph 
and many others. 

Order Anapsida 

This order includes the small fish-like ostraco- 
derms. The fossils are recorded from Silurian to 
Devonian periods. The head is protected by small 
scales. The arrangement of the scales is complicated. 
In the trunk the scales arc oriented in longitudinal 
rows. The tail is hypocercah i.e., downwardly turned. 




Fig. 4.3. External features of a p ter a.spiel ostracoilenn, I'lcmtyi*. 


The mouth is tenniual in position. The eyes are 
laterally placed with a median nostril. The paired 
appendages are represented by a pair of pectoral 
spines. A series of spines is present in the luiddnrsnl 
line of the trunk. An anal spine may be present, 
(rill-slits are present in a slanting fashion in front of 
the pectoral spines. Examples: liirkenia. Lasamus , 
VleroUfm, Rhyncholefris and Pharyngolepis. 

Hit )LO(iICAL STATUS OF OSTRACODERMS 

The ostracoflerms are the most primitive verte¬ 
brates recorded in the geological history. Majority 
of the forms lived from the. upper Silurian to Devo¬ 
nian Limes. They have possibly evolved from uu- 
armoured ancestral forms like Jamyolim and become 
diverged to various modes of life. Now the question 
stands whether the oslracodcrms should be. placed 
in the direct line of vertebrate descent. It is certain 
that: the group shows many structural similarities 
with the cyclostomrs and fishes. In the opinions of 
many, the cycloslomes (the most, primitive surviving 
vertebrates) are the degenerated descendants of 
some forms of oslracodcrms. There are strong evi¬ 
dences in favour of this - ievv. lint the relationship of 
the ostracodcrms with the gnathostoincs is still 
obscure. The jawed vertebrates evolved simultan¬ 
eously with the oslracodcrms during the Devonian 
period and no fossil link is so far discovered in the 
line of transformation. The anapsirl ostracodcrms are 
small-headed lish-like forms and exhibit many fea¬ 
tures of the earliest fishes. During Devonian period 
the oslraeodenns showed high degree of specialisa¬ 
tion and the fishes must have emerged from the 
primitive forms at some earlier geological period. 
In spite of all these difficulties, it is apparent that 
the anapsid oslraeodenns are not very far from 
the line of descent of the jawed vertebrates. 

Glass Cyclostomata (Marsipobran- 
chii) 

This class includes only the living agria- 
thous animals of lower grade of organisa¬ 
tion amongst the existing craniates. They 
are characterised by having many pecu¬ 
liar characteristics. 

IMPORTANT FEATURES 

The class Gyclostomata comprises of the 
most primitive living vertebrates repre¬ 


sented by the lampreys and hagiishes. 'The 
cyclostomes, in general, show the. curious 
admixture of primitive, specialised and de¬ 
generated characters. They have the fol¬ 
lowing common salient features: (1) The 
mouth is circular in outline from which 
the name Gyclostomata [Cydo round; 
stoma —mouth) has been derived. (2) The 
mouth is suctorial. Horny epidermal teeth 
are present in the interior of the mouth and 
on ‘‘tongue**. (3) The skin is naked and 
glandular. (4) The median fin is present 
which is noL supported by irtu* tin-rays. 
(5) The skull is largely or wholly roofed by 
membrane, (fi) The labial cartilage is ex¬ 
tensively developed. (7) The .vertebral 
column consists of a persistent notochord 
with a fibrous neural tube in which rudi¬ 
mentary neural arches may develop. (8) 
The notochord is continuous and envelop¬ 
ed by two sheaths. (0) The alimentary 
canal is straight and cloaca is absent. (10) 
The respiratory organs consist of the gill- 
pouches. Thu-pouch-like gills have given 
another name, mArmpodkancw to the 
class. (11) The conus arteriosus and the 
renal portal system are absent, (12) The 
olfactory lobes are large and are either 
hollow or solid. (13) The cerebellum is very 
small. (14) T he nerves arc nnn-mcdullalcd. 
(15) A single median olfactory organ is 
present which opens imo a large persistent 
pituitary sac. (16) The ninth and the tenth 
cranial nerves are not included in the cra¬ 
nium. (17) The gonad is unpaired and is 
devoid of gonoduct. The genital products 
pass out through the genital pores. 

OUTLINE CLASSIFILIATION 

• 

The class Gyclostomata is divided into 
two subclasses—(1) petromyzontia exam- 
plified by the lampreys and (2) myxino- 
idea represented by the hagiishes. 
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Example of Cyclostomata —LAMPREY 
The most common and widely distribut¬ 
ed cycJostomes are the lampreys or ‘Lam- 
per eels’ belonging to the family Petro- 
myzontidae. Their characteristics, habit 
and habitat present an idea about the bio¬ 
logy of the earliest vertebrates. Two dis¬ 
tinct phases are recognised in the life-his¬ 
tory of the lampreys: (1) adult stage. 
In this stage, lampreys are marine and 
possess suctorial mouth. They arc carni¬ 
vores and feed on other fishes. (2) larval 
stage. The larval stage is represented by 
Ammocoetes larva which inhabits the fresh 
water. It remains buried in the mud and 
devours micro-organisms. This larva resem¬ 
blances closely the adult Branchiostoma. 


gical sense. Although they have the power 
of swift swimming, they usually remain 
attached to other fishes or stones by the 
help of suctorial buccal funnel which acts 
as the vacuum cup. While attached to the 
fishes, they rasp the flesh by the horny 
teeth on the buccal funnel and ‘tongue’ 
apparatus. 

Lampreys usually live in sea and mig¬ 
rate to the river for the purpose of spawn¬ 
ing. After spawning they usually die. In the 
river system the lampreys do not eat, any¬ 
thing, but live on the accumulated sub¬ 
cutaneous fat that provides the nourish¬ 
ment. They migrate to the fiver usually in 
autumn while the sexual maturity is attain¬ 
ed in winter. But the breeding occurs in 



Fig. 4.4. A group of Pelromyzun in their usual habitat. Note that the animals remain attached to 
the body of fish or stones by their suctorial buccal funnels. Nest building is characteristic, of the 
Petroniyzon. A small depression is produced at the center by arranging larger stones on all the sides. 


Habit and habitat 

Lampreys have almost a world-wide clis- 
tributioa. All of them are predators and 
live on fishes, turtles and many other aqua¬ 
tic animals. They*are often referred as 
quasi-parasitic. which is not true in biolo- 


spring. A fresh water lamprey, Petromyzon 
marinus unicolor migrates a few miles up* 
streams for the purpose of spawning. The 
brook lampreys (represented by the genus 
Lampetra ) have the peculiar habit of nest¬ 
building at the bottom of the river w T here 
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the eggs are laid. They select the bottom * The head region is characterised by the 
where both stones and sands are present, development of a special cup-like structure 

By the action of the suctorial mouth, they called the buccal funnel . This funnel is 

arrange the stones in such a fashion that a actually a downwardly directed depression, 

small depression is produc ed at the centre The rims of the buccal funnel is beset with 

(Fig. 4.4). papillae. Numerous small horny teeth are 

present inside the cavity. The mouth is a 
External structures circular opening situated at tho bottom of 

The adult lamprey has an eel-like cvlin- the buccal funnel. A special "tongue* appa- 

drical body (Fig. 4.5A). The upper side of ratus is placed just below the. mouth (Fig. 

the body is usually dark and the lower .stir- 4.f>D). The tongue is a prominent struc- 

face is white. The surface of the body is lure and bears horny teeth. On the dorsal 

smooth arid slimy. The scales arc absent, side of the head there is a single median 

The body is divided into three regions, the nostril (Fig. 4.515). Just behind the nasal 

head , trunk and tail. The head and trunk opening, there is a yellow spot indicating 

are cylindrical and the tail is more or less the position of internal pineal eye. The pair- 



Fig. 4.5. External structures of PelromyziM. A*. An entire animal (lateral view). B. Dorsal view of head 
showing the position of the nostril. C. Lateral view of the head. I). Ventral view of the head showing 
Lhc details of buccal funnel and the position of mouth and ‘tongue* (after various sources). 


laterally flattened. Paired fins arc absent, cd eyes are well-developed (Fig. 4.5G). 

There is median dorsal jin which is divided Seven pairs of round gill-openings are pre- 

into two unequal parts by a notch. A sent on the posterolateral sides of the head 

caudal fin is present which is continuous and the anterior part of the trunk, 

with the posterior part of the dorsal fin. 

In Lampeira planeri the female possesses an Body wail and musculature 
anal fin. This fin is reduced to a copulalory The skin is soft and consists of many 
papilla in male. A small opening called the layers of cells. The epidermis is composed 

anus is present in the ventral side of the mostly of unicellular gland cells that pro¬ 
junction of the trunk and tail. The fins arc ducc slimy secretion* The dermis is corn- 

supported by cartilaginous fin-rays. These posed of bundles of collagenous and elastic 

rays are fused at their basal ends with the fibres. These fibres are arranged in a cir- 

rDembranous covering that surrounds the cular fashion. Between the dermis and 

notochord and nerve cord. body wall musculature, there lies a sub- 
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cutaneous layer containing pigment cells, 
blood vessels and fatty tissue. The pigment 
cells or chromatophorcs have the power 
of migration and also present in the 
dermis. 

The trunk musculature is well-develop¬ 
ed. The muscles arc arranged in myomeres , 
i.e., there -are series of myotomes separated 
by myocommas . The myotomes are W- 
shaped muscle blocks and the muscle- 
fibres composing the myotomes run long- 
tudinally. The muscle-fibres are striated. 
The myotomes are divided into dorsal and 
ventral parts by horizontal septum. 

Locomotion 

Lampreys swim by the activity of the 
myotomal longitudinal muscle-fibres. Swi¬ 
mming is effected by producing waves of 
curvature down the body, alternately on 
each side. In lampreys, the waves arc very 
short in comparison to the body length, as 
a consequence progression is not so rapid. 
The mechanism of swimming is similar to 
that of Branchiosloma already described in 


and remains connected with the myocom¬ 
mas. Within the connective tissue layer 
there are scattered thickening of cartilagi¬ 
nous elements. These are compared with 
the vertebrae. The cartilage consists of 
large cells embedded in a matrix of 
chondrin. Many slender cartilaginous rods 
extend dorsally and ventrally to support 
the median fin. 

The skull is very peculiar and primiti¬ 
vely built. Its floor is composed of a basal 
plate which is composed of paired paraclwrdals 
and trabeculae . Attached with the basal 
plale there are pieces which form an in¬ 
complete cartilaginous box enclosing the 
brain and the special sense organs. In front 
of the cranium, a large aperture is left due 
to the non-uni ted posterior parts of the 
trabeculae. This aperture is called the 
basicranial fontanelle and through this aper¬ 
ture the pituitary pouch passes. The side 
walls of the cranium is strong but the rooF 
is exclusively composed of tough membra¬ 
nous fibrocartilage excepting a narrow 
transverse bar. Two compact auditary cap- 


anterior dorsal plate posterior cranial wall branchial gill-aperture 
interior lateral / atyloid bar 
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Fig. 4.6. Structure? of the skull and branchial basket ot* an adult Pelromyzon (alter Parker and 
Haswell). 


Chapter-2. Expulsion of water through 
the gill-openings like jets also help in pro¬ 
gression. 

Skeletal structures 

The axial skeleton consists of a lowly 
developed skull, persistent notochord 
and collection of caMilages. The noto¬ 
chord is composed 'of large vacuolated 
notochordal cells and remains enveloped by 
a thick fibrous notochordal sheath. This is 
further surrounded by another connective 
tissue layer which covers the spinal cord 


sules are united with the posterior end of 
the basal plate. The olfactory capsule is an 
imperfectly paired plate which supports 
the posterior wall of the olfactory sac. This 
capsule is united with the cranium by fib¬ 
rous tissue. On each side of the basal plate, 
there lies the subocular arch to support the 
eye. A slender styloid process hangs from the 
subocular plate. Each styloid process is con¬ 
nected with a small cornual cartilage. The 
cranium is attached with the skeleton that 
supports the gills and buccal funnel (Fig. 
4.6). 
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The branchial basket is com posed of 
nine irregular vertical cartilaginous bran¬ 
chial bars or rods on each side. The first ver¬ 
tical branchial rod is situated just posterior 
to the styloid process, the second is in front 
of the first gill-slit and the rest are just pos¬ 
terior to the remaining gill-slits. The ver¬ 
tical bars arc connected by the longitudi¬ 
nal bars. The posterior part of the bran¬ 
chial basket is extended to form a cup-like 
pericardial cartilage to accommodate the 
heart. The branchial skeleton is compared 
by many workers with the visceral skeleton 
of higher vertebrates. But such an idea be¬ 
comes diJflicult to establish because in 
lampreys the basket is situated outside the 
muscles and nerves. But in case of lishes 
these are present in the pharyngeal wall. 

The buccal funnel is supported by a 
ring-like annular cartilage . An elongated 
lingual cartilage supports the ‘tongue’. 


cartilage and the anterior end is prolonged 
as a lingual tendon to attach with the longue. 
The vacuum cup is produced inside the 
oral cavity by the pulling of the tongue 
backwards by the contraction of the car- 
dioapicalis muscle. The release of the suc¬ 
ker is elfecled by the contraction of an 
annular muscle running along the margin of 
the buccal funnel. 

The mouth leads into a spacious buccal 
cavity which is communicated behind with 
two passages. The dorsal passage is called 
the guild or oesophagus and the ventral one 
is the respiratory tube (Fig. 4.7). The respira¬ 
tory tube is closed behind and leads into 
seven branchial- or gill-pouches. The opening 
of the respiiatory tube is guarded by a 
velum with velar tentacles. The veltir appara¬ 
tus keeps (lie digestive part completely 
separated from the respiratory tube when 
the animal feeds. The oesophagus leads 



j.'ijr. 4 . 7 . Loiigitudimn sectional view of llic anterior portion of I'chomyrjm to show the relative 
position of the internal structures. A portion of the body is kept intact to show the position of a gill-slit 
(alter Storcr and Usingcr). 


Digestive system 

The mouth* is situated immediately 
above the ‘tongue’ inside the buccal 
funnel. The buccal funnel is a specialised 
cup-like depression which acts as a sucker. 
Numerous teeth are present in the buccal 
funnel. These teeth are very peculiar and 
develop as horny epidermal thickenings 
having cartilaginous support. The teeth 
that "are borne on the tongue are 
elongated and sharply pointed. The teeth 
are capable of being replaced, if lost. 
Special set of muscles operate the 
buccal funnel and the tongue apparatus. 
Lampreys can attach with the body of 
other fishes by producing a vacuum cup 
inside the buccal funnel. This is caused by 
a.large cardioapicalis muscle . The muscle is 
connected posteriorly with the pericardial 


directly into a straight intestine by a val¬ 
vular aperture. True stomach is absent in 
lampreys. The intestine passes to the anus. 
In the lumen of the intestine, a typhlosolc 
is present which follows a spiral course and 
thus gets the name spiral valve. 

The digestive glands arc well-developed 
in lampreys. A pair of pigmented sacciform 
structures, present inside the hypobranchial 
muscles, is regarded as ‘ salivary glands \ 
But the nature of secretion of these glands 
is still unknown. Each gland has a folded 
wall and the secretion is poured through a 
duct which opens below the tongue. The 
secretion contains anticoagulant which pre¬ 
vents the coagulation of the blood during 
feeding. The liver is a voluminous bilobed 
structure. Gall bladder is present in the 
larval stage, but it is absent in the adult. 
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There is no definite pancreas, but patches 
of cells in the anterior part of the intestine 
are compared with the pancreatic acini of the 
higher vertebrates. The cells secrete pan¬ 
creatic enzymes which are largely tryptic 
in nature. The endocrine function of these 
structures has also been experimentally 
established. If the tissue is dcs true led, a 
marked rise of blood sugar level is record¬ 
ed. The cells become extremely vacuolated, 
if glucose is injected into the body. From 
the above facts, it is amply clear that these 
cells do participate in carbohydrate meta¬ 
bolism of the body. 

The actual mode of feeding in lampreys 
is not known. While attached with the body 
of fishes, they cat the ilesh by rasping with 
the tongue apparatus. The intestine of a 
freshly detached lamprey is found to be 
filled with blood which also indicates their 
sanguinivorous habits. 

Respiratory system 

The respiratory system consists of seven 
pair of gill- or branchial-pouches or branchial 
sacs. The gill-pouches open directly into 
the respiratory tube and have no direct 
connection with the enteric canal. Each 
gill-pouch has an appearance of a biconvex 
lens. The inner wall is folded to form nume¬ 
rous gill-lamellae and the outer wall is 
highly muscular (See Fig. 4.7). The gill- 
pouches are separated from each other by 
inter branchial septa. Each gill-pouch in 
lampreys opens independently to the ex¬ 
terior. Seven pair of external gill-pores are 
visible on the two sides of the body. 

The mechanism of drawing in and ex¬ 
pelling out of water through the gill- 
pouches is very peculiar in lampreys. This 
is because of their specialised mode of 
attachment. The water enters into the res¬ 
piratory tube through the gill-pouches and 
passes out through the same route. The 
branchial skeleton is clastic. The bran¬ 
chial basket is compressed by the con¬ 
traction of the muscles to throw the 
water like jets through the gill-openings, 
while during inspiration the branchial 
basket expands. The gaseous exchange 
occurs inside the gill-pouches. 

Circulatory system 

The circulatory system is well-developed. 
There are no definite lymphatic channels 
in lampreys. The heart is an S-shaped 
structure situated behind the gills. It deve¬ 
lops in the larva as a straight tube which 


becomes elongated in a limited space to 
become S-shaped. It is composed of three 
chambers—one sinus venosus , one auricle and 
one ventricle (Fig. 4.8). The heart is enclos¬ 
ed by a pericardium which is supported by 



Fig. 4.8. Diagrammatic longitudinal section of 
the heart of Pelromyzon. The chambers arc exposed 
showing the: internal details (after Jollic). 


a cartilaginous plate. The sinus venosus is 
a thin-walled chamber and leads into a 
thin-walled auricle lying above the sinus 
venosus. The auricle opens into the tluck- 
walied ventricle. 'The conus arteriosus is 
absent. 

The blood of lamprey is red in coloui 
due to haemoglobin contained inside the 
red blood corpuscles. These corpuscles 
arc nucleated and circular in outline. The 
white corpuscles are closely similar to the 
lymphocytes and polymorphs of higher 
vertebrates. The blood forming tissue is 
present in the kidneys and the spinal cord. 

Arterial system 

From the ventricle a large ventral aorta 
runs anteriorly between the gill-pouches. 
The base of the ventral aorta slightly dila¬ 
tes to form a bulbus arteriosus . The ventral 
aorta gives eight afferent branchial arteries to 
the gill-pouches. The afferent branchial 
arteries break up into capillaries in the 
gills. From the gills, the blood is collected 
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by eight efferent branchial arteries (Fig. 4.9). 
Each of the afferent and efferent branchial 
arteries supplies to the posterior hemibranch 
of a gill-pouch and the anterior hemibranch 
of the next. The efferent branchial arteries 
open into the paired dorsal aortae . These 
paired aortae run backward and then unite 
to form a single median dorsal aorta which in 
turn gives series of segmental arteries to the 
inyotornes. Special arteries from the un¬ 
paired dorsal aorta supply blood to the 



Fig. -1.9. Schematic lateral view of the anterior 
parL of ihe arterial arches of Pelromvsjnt taller 
Jollie). 


gut, kidneys and gonads. Most of the arte¬ 
ries except the efferent branchial and renal 
arteries are provided with valves at: the 
point of origin. The presence of the valves 
is significant, because these valves help in 
reducing the pressure of the blood in most 
of the arteries'. 

The blood flows anteriorly through the 
ventral aorta and backwardly through the 
paired and unpaired dorsal aortae. 

Venous system 

The venous system of lampreys consists 
of true veins' and a complicated network of 
venous sinuses. The blood from the tail region 
is carried by a large caudal vein. This vein 
divide, anteriorly into two posterior cardinal 
veins just at the point of the entrance into 
the abdominal cavity. The cardinals collect 


blood from the kidneys, gonads and myo¬ 
tonies and ultimately open to the heart by 
a single ductus Cuvieri on i he right hand side. 
The left ductus Cuvieri is absent in adult, 
although boih are evident in the larval stage. 
The blood from the anterior region of the 
body is conveyed to the heart by a pair of 
anterior cardinal veins. Besides theje anterior 
cardinals, a large median inferior jugular 
vein drains blood from the musculature of 
the buccal funnel and gill-pouches. There 
is no renal portal vein, but a hepatic portal 
vein draining blood from the gut enters into 
the liver through a contractile portal heart. A 
very simple portal system is present: which 
connects the hypothalamus with the pitui¬ 
tary. From the liver, blood is carried to the 
heart by hepatic veins. Besides the veins, 
there are special network of venous sinuses 
specially in the head region. The branchial 
sinuses constitute the most important of the 
sinuses and consist of three longitudinal 
channels. These are: (l) Ventral branchial 
sinus or ventral jugular sinus, (2) Inferior bran¬ 
chial sinus situated below the gill-pouches 
and (3) Superior branchial sinus lying over 
the gill-pouches. All these branchial sinuses 
are interconnected through i*he gill-bars. 

Nervous system 

The. uei vnus system of lamprey is quite 
well-developed and tin: description of this 
system will represent an introductory 
account of the typical vertebrate nervous 
system. 

Brain 

The neural lube becomes modified an* 
teriorly into a complicated brain and the 
posterior part transforms into Lhe istinal 
cord. The brain is divided into three pri¬ 
mary parts, Jbrebrain or prosencephalon , mid¬ 
brain or mesencephalon and hindbrain or rhom¬ 
bencephalon. The prosencephalon is mainly 
connected with the sense of smell, the mes¬ 
encephalon with the sight and the rhomb¬ 
encephalon with the acoustic-lateral arid 
taste-bud systems. The prosencephalon is 
subdivided into telencephalon and dienapha- 
lon. 'Ihe telencephalon consists of cerebral 
hemispheres (cerebrum) and olfactory lobes. 
The diencephalon (or between-brain) re¬ 
mains posterior to the cerebral hemis¬ 
pheres. The mesencephalon forms the optic 
lobes. The rhombencephalon is divided in¬ 
to two parts, an anterior met encephalon trans¬ 
forming into a cerebellum arid a posterior 
myelencephalon or medulla oblongata. The 
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brain is covered externally by a vascular 
membrane called the choroid plexus or tela 
choroidea (Fig. 4.10). 

The prosencephalon consists of a pair of 
small cerebral hemispheres and a pair of 
olfactory bulbs . The olfactory bulbs give 
paired olfactory nerves to the nasal capsule. 


The hypothalamus is well-developed. It 
bears inconspicuous inferior lobes and in¬ 
distinct ‘ saccus vasculosus\ The supraoptic 
nucleus of the hypothalamus sends nerves 
to the par nervosa of the anterior pituitary 
lobe. On the ventral side of the dience¬ 
phalon lies the simple crossing of optic 




The olfactory bulbs contain small ventricles. 
The cavities of t he cerebral hemispheres are 
called the lateral or first and second ventricles. 
The lateral ventricles arc in communica¬ 
tion with the third ventricle or diacoel (cavity 
inside the diencephaf n) through the fora¬ 
men of Munro. The® dicncephalon has a 
p membranous roof which protudes out¬ 
wards as a conspicuous saccus dorsalis. The 
lateral walls are known as the thalamus and 
the ventral part is called the hypothalamus. 


nerves which do not form chiasma. 'Flic 
velum transversum , that demarcates the an¬ 
terior end of the.diencephalon of the verte¬ 
brate brain is absent, 'the midbrain is re¬ 
presented by two optic lobes. Between the 
optic lobes lies a membranous choroid 
plexus whicli is fused with plexus lying over 
the fourth ventricle, i.c., the cavity of the 
myelencephalon. So the choroid plexus 
thus extends into the ventricles at three 
places. T he cerebellum is a small trans- 
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verse lobe anterior to the medulla ob¬ 
longata which is the largest and well-deve¬ 
loped part of the brain in lampreys. The 
third and the fourth ventricles arc com¬ 
municated through a duct passing through 
the midbrain. This duct is called the iter 
or aqueduct of Sylvius . 

Spinal cord 

The spinal cord is a dorsoventrally 
flattened band-Jike structure. The spinal 
cord in lampreys is peculiar of having no 
blood-vessels within it. The nerve cell 
bodies are localised towards the centre and 
the periphery is composed of network of 
nerve fibres. 

Cranial nerves 

There are ten pairs of cranial nerves 
in lampreys. All these nerves emerge out 
from the mesencephalon and rhombence¬ 
phalon except Lite olfactory and optic 
nerves. The general arrangement of the 
cranial nerves are almost similar to that 
of the griathoslomes (discussed in details 
in Chapters f> and 6) with slight variation. 
Only the contrasting features of the cranial 
nerves in lampreys are mentioned here. 
The olfactory nerves are composed of many 
nerve fibres. The optic verves, as already 
mentioned, form simple crossing without, 
having complicated ehiasma formation. 
The oculomotor nerves lack decussation. 
The existence of the sixth cranial nerve in 
lamprey is questioned by many workers, 
because the said nerve emerges out along 
with the trigeminal (fifth; cranial nerve. 
The trigeminal and the ial (seventh) 
nerves are intimately associated and their 
branches to the lateral-line sensory system 
arc difficult to identify. The roots ol the 
seventh and eighth cranial nerves are 
closely placed. The branching of the glosso¬ 
pharyngeal and vagus nerves is similar to 
that of fishes. The origin of vagus is charac¬ 
teristic in lamprey. It originates as a single 
outgrowth which becomes subsequently 
branched, but in others it starts as a collec¬ 
tion of nerves which unite to form a single 
bundle. 

The spinal nerves are similar to that, ol 
Branchiostoma. The dorsal and ventral 
roots remain separate and do not join as 
observed in gnathostomes. The first spinal 
nerve is the hypoglossal. The ventral root 
contains mostly the motor fibres that in¬ 
nervate the myotomes and the dorsal root 
possesses mostly the sensory fibres coming 
from the myotomes. 


The sympathetic nervous system is re¬ 
presented by isolated nerve-fibres running 
in both the roots of the spinal nerves. This 
system is quite diffused and ganglionic 
formations are absent. 

All the nerve-fibres of Lampreys arc 
devoid of myelin sheath, as a consequence 
the rate of conduction through jjuch nerves 
is very slow-. 

Sense organs 

The organs of special sense are well- 
developed (l r ig. 4.11). The sense organs 
arc: 

Kyes. Besides the normal paired eyes, 
lampreys possess a third impaired eye 
called the pineal or epiphysial eye. All the 
three eyes developed from the dieneepha- 
lonic region of I he brain. 

Pineal evt. The pineal apparatus is com¬ 
posed of two unequally developed sacs. 

I he sacs are placed vert ically one above 
the other. The dorsal one is the pineal eye 
and lhe ventral is the parapineal organ . The 
pineal eye is larger than the parapineal 
organ. Morphologically lhe pineal eye is 
placed on the right side, white the para- 
pineal or parietal organ is on the left. 
Both the sacs are formed by the imagina¬ 
tion of the roof of the brain and remain 
connected by two stalks with the cpithala- 
mic region of the dicneeplmlon. Both the 
vesicles have a narrow lumen and the walls 
are composed of receptor-cells. The pro¬ 
cesses of the receptor cells project into the 
lumen and the nerve: fibics are directed 
outwards. Besides the sensory cells, pig¬ 
ment and supporting cells are present in 
the retinal layers. The pineal apparatus 
has the same construction as the paired 
eyes, but the dioptic apparatus is not 
differentiated. The pineal organ has a 
nerve which enters into the posterior com¬ 
missure that connects the posterior part of 
telencephalon and the parapineal organ 
has a nerve which enters into the left 
habenule. 

The role played by the pineal apparatus 
is not known. The pineal apparatus has 
the power of response to change of illumi¬ 
nation and thus essential for the initiation 
of movement. Bui its role in change of 
colour of the body is evident from the study 
on the ammococtesJarva. The amrnococ- 
tes larva has the property of changing its 
body colour. It becomes pale at night and 
dark during daytime. If the pineal appara¬ 
tus is extirpated, the animal lacks the 
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power of changing colour and becomes 
permanently dark. The pituitary gland 
liberates melanophore-expanding subs¬ 
tance into the blood which is under the 
control of pineal eye. 

Paired eyes. The paired eyes are typically 
built on the vertebrate plan. Each eye is 
placed in a,socket which is formed of blood 
and lymph spaces. The eyes are not 
attached with the conjunctiva , but to the 


tary is devoid of any connection with the 
exterior, but in larnprey the lumen of the- 
hypophysial rudiment becomes continuous 
with the nasal sac through a duct called 
the nasohypophysial tube (or nasopalatine 
canal). This tube extends posteriorly to a 
closed sac called the hypophysial sac (Fig. 
4.11 A). This sac lies below the brain 
and notochord and runs between the first 
pair of branchial pouches. The internal 
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Fig.4.11. Sens,- organs ol Vi!r,my~on. A. Showing the relationship between the nasohvmmhvsial sac and 
h am. IS. Membranous labyrinth. (,. Section ol an eye and its associated structure* (alter various sources). 


rim of the orbit. The eyes are moved by 
the extrinsic muscles. The eye ball is roughly 
spherical with a more or less flattened 
cornea. The pupil is round which is capable 
of little change in diameter. The cornea is 
composed of two layers separated by an 
intermediate gelatinous matrix. A special 
muscle of rnyotomal origin called the cor- 
nealis muscle helps in the process of accom¬ 
modation (Fig. 4.11C). The cornealis 
muscle is attached with the outer layer of 
the cornea and the pull of this muscle 
flattens the cornea and also pushes the lens 
inwards, 

.Nasohypophysial sac. The external nostril 
leads into a round nasal or olfactory sac by 
a short duct. In vertebrates, the pituitary 
body develops from the invagination of the 
buccal epithelium. The lumen of the pitui- 


lining of the nasal sac has folded walls 
which contain olfactory receptors. 

Ear. I lie auditory organs are. represent¬ 
ed by the internal ear or membranous labyrinth 
(Hg. 4.11 B). Like that of other vertebrates, 
it is formed by the invagination of the wall 
ol the head region and becomes subse¬ 
quently cut off from the exterior. This is 
subdivided into a number of chambers by 
the infolding of the sac. The function of 
labyrinth in lamprey is not properly known 
and direct evidences regarding its respon¬ 
siveness to sound are lacking. 

1 wo semicircular canals are preseut which 
correspond the anterior and posterior 
canals of higher forms. Both these semi¬ 
circular canals open into a large central 
sac called the vestibule. The vestibule is 
subdivided by a median fold into anterior 
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and posterior utricular chambers . Below the 
utricular chambers there is a small an¬ 
terior sacculus and a posterior lagena. The 
internal walls of all these chambers are 
ciliated and the cilia produce currents in 
the endolymph. Sensory areas are present 
in the utriculus, sacc ulus, lagena and am¬ 
pullae. The endolymphatic duct is a short 
closed tube. 

Lateral line sense organs. The lateral line 
receptors of lamprey consist of small 
patches of sensory cells and sensory papi¬ 
llae along certain lines. All the sensory 
papillae arc exposed and are not enclosed 
in a canal. The line receptors arc innerva¬ 
ted by brandies from the fifth and tenth 
cranial nerves. This system helps to detect 
and locate the disturbances in the aquatic 
environment. This system helps to search 
food, to avoid enemies and to orientate 
itself in running water. 

Integumentary photoreceptors. In lamprey 
photosensitive cells are also present in the 
integument. These sensory ('.ells are plenty 
in the tail region. 

Excretory system 

The adult functional kidney is of meso¬ 
nephric type. The kidney develops from 
the nephrogenous tissue [nephrotome), i.c., 
the mesodermal region between the dorsal 
sclcromyotome and the ventral lateral 
plate mesoderm. The nephrogeneous tissue 
differentiates into a series of segmental 
tubules along the anteroposterior direction. 
The first set of kidney in the larva is of 
pronephros type. The pronephric tubules open 
into a common archinephric duct. In the 
larval stage some anterior funnels of the 
pronephric tubules open into the pericar¬ 
dial cavity. Associated with the anterior 
end of each pronephric tubule, a tuft 
of blood vessels called the glomerulus is 
present. In couise of development the 
pronephric tubules are replaced by the 
posterior set of mesonephric tubules which 
remain as the adult kidney. The prone¬ 
phric tubules are represented in adult as 
a mass of lymphoid t issue. Between the two 
sets of the kidney, a separating portion is 
left where tubules are lacking. 

The mesonephric tubules become great¬ 
ly elongated and the anterior end of each 
tubule bears a double-walled Bowmann’s 
capsule containing glomerulus. The tubules 
lack nephrostomes. Besides the tubules, fatty 
and lymphoid tissues also participate in 
the formation of kidney. In addition to the 


normal function of excretion, the kidneys 
participate in the manufacture and des¬ 
truction of blood corpuscles. Each kidney 
remains attached to the dorsal wall of the 
coelom by peritoneal sheet. The ureters 
open posteriorly into the urinogniilal .sinus. 

Reproductive system 

The sexes are separate. The "gonad is a 
large unpaired ridge occupying a median 
position to the mesonephros. The primor¬ 
dial germ-cells migrate to such gonadal 
ridge and transform into sperms or ova. 
The differentiation of gonad takes place 
quite lately as a consequence, the ammo- 
coctes larva possesses hermaphroditic 
gonad containing both oocytes and sperma¬ 
tocytes. The gonad extends almost the 
whole of the body cavity and lacks repro¬ 
ductive duct. 'The sex cells are discharged 
into the body cavity and leave the body by 
abdominal pores. These pores are present 
in tin* wall of the uriongenilal sinus which 
open a few weeks before spawning. 

The testis consists of many follic les con¬ 
taining male gametes which are liberated 
into the body-cavity. The ovqry is com¬ 
posed of eggs which are covered by a layer 
of follicular epithelium. The eggs, when 
ripe, also rapture into the. body-cavity. 
From the body-cavity both the eggs and 
sperms escape by v\ ay of abdominal pores. 
Fertilization is thus external. 

Development 

The egg is o \'tdoledthal type containing a 
considerable quantity of yolk. The cleav¬ 
age is hokblaslic hut unequal and results 
into the formation of an upper hemisphere 
of rnicrorneres and a lower hemisphere of 
macromem. Gaslrulation occurs by invagi¬ 
nation and the blastopore takes up a poslc.ro- 
dorsal position and becomes converted 
into anus. The development of central 
nervous system is peculiar in lamprey. It 
develops as a solid cord or keel which 
hollows to form the iurnen of the nerve 
cord. Afer about twenty-one days a young 
larval form hatches out as an ammocoktks 
larva. Existence of animococtes larva in 
the life-history oflamprey is significant. 

Ammocoetes larva. The arrimocoetes larva 
(Fig. 4.12) is a small transparent form of 
about 7 mm in length. The.larval life per¬ 
sists for a considerable period of time and 
grows to an eel-like form measuring about 
i .7 m. Structurally this larval stage exhibits 
an intermediate form between the cephalo- 
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chordates and vertebrates. The suctorial 
buccal funnel is absent and the mouth is 
bounded by an oral hood resembling close¬ 
ly that of Branchiostoma (Fig. 4.12A). 
The major part of the larval phase is spent 
in burrow. The larva comes out occasio¬ 
nally to change the feeding habit. The 
mouth is surrounded by several branched 
buccal tentacles. The teeth arc lacking. 
The velum is composed of a pair of mus- 


secreting cells. The endostyle in ammo- 
coetes larva is thus not an open groove as 
seen in Branc.hiostoma. The endostyle 
opens to the pharynx by a slit-like aperture 
and produces profuse quantity of mucus. 
The endostyle is connected with the hyper- 
pharyngeal groove by the peripharyngeal ciliated 
hands. The feeding mechanism is peculiar 
and the food matters are separated from 
the feeding current in the pharyngeal 
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Vig. 4.12. Anatomical organisation of Ammorocles larva of I’etromy.ion. A. Ventral vim. B. L iteral 
view. (1; Diagrammatic longitudinal section (anterior part). 


cular llaps which regulates the entry of 
water current into the pharynx. The pair¬ 
ed eyes are vestigial and are hidden by the 
skin and muscles. The impaired pineal eye 
is well-developed. The hypophysial and 
nasal sacs are poorly developed. The 
photoreceptors are abundant in the tail 
region which are connected with the lateral 
line nerves. The median dorsal fin is conti¬ 
nuous with the caudal fin and is not divid¬ 
ed into two parts by a median notch. 

An endostyle is present in amniocoetes 
larva which is composed of two tubes. The 
lloor of the tubes bears four rows of mucus 


cavity. The mucus produced by the endo¬ 
style entangles the food particles which are 
transported to the intestine by the action of 
the cilia in the pharynx. The velum and the 
elaborate muscular system of the branchial 
basket help in the maintenance of water 
current. The larva bears seven pairs of 
branchial sacs which open to the exterior by 
gill-slits (Fig. 4.12B). An additional bran¬ 
chial sac and gill-slit may be present. A 
gall bladder is present. The pronephros per¬ 
sists as the excretory organ. 

The larval life of Ammocoelcs larva is 
quite long and may extend 3 to 4 years. In 
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favourable condition, preferably in win¬ 
ter, the larva metamorphoses into adult. 
During metamorphosis the larval charac¬ 
ters are lost. A brief note on the important 
changes that occur during metamorphosis 
is given below: (1) The endostyle trans¬ 
forms into a thyroid gland below the 
pharynx. (2) The mouth becomes sur¬ 
rounded by suctorial buccal funnel with 
teeth, tongue and complex musculature. 
(3) The paired eyes become prominent 
and functional. (4) The nasal sac becomes 
internally folded which are connected with 
enlarged olfactory nerves. (5) The naso- 
hypopliysial sac grows backwards. (6) The 
continuous median dorsal iin becomes divi¬ 
ded into two parts by a median notch. 

(7) The velum becomes reduced and guards 
the opening of the respiratory tube only. 

(8) The oesophagus and the respiratory 
tube become independent canals. The gills 
develop into the sacs which open into the 
respiratory tube. (9) The skull and the 
branchial skeleton become specialised. 
(10) The gall bladder disappears. (11) The 
intestine becomes specialised. (12) The 
pericardial cavity becomes completely cut 
off from the coelom. (13) The pronephros 
degenerates and the mesonephros is form¬ 
ed. (14) The spinal cord becomes flattened. 
(15) The colour of the skin is ( hanged from 
the yellow-brown to the adult texture. The 
larva migrates from the river to the sea to 
begin its adult, life. The gonads become 
mature and the adult returns again to the 
river for the purpose of spawning. Thus 
to complete its life-cycle, lamprey exhibits 
an adult; and a larval phase. 

K XA M P LJS O !•■ C YGLOSTO M ATA— HAGFTSH 

Several genera of Gyclostomes like 
Myxirie , Paramyxine and liptatretus (Bdellos- 
toma) are commonly called the hagfishes. 
Although the lampreys and the hagfishes 
are included under the same class, the hag¬ 
fishes show a wide range of variation in 
structural construction. This aspect has 
been dealt in the last part of this chapter. 

Habit and habitat 

Hagfishes are exclusively marine and 
spend most of t he times ir; burrows excavat¬ 
ed in sand or mud and usually devour the 
polyehaete worms and dead fishes. They 
probably attack the dying or just; dead 
fishes and suck out the whole content ex¬ 
cept the bones and skin. The sucking 
apparatus is highly developed in hagfishes. 
Hagfishes are nocturnal animals. 


External structures 

Hagfishes have.slender eel-like body 
measuring from 45 cm (Myxine) to 1 m 
(Eptatretus) in length. An i neons pie nous 
continuous median dorsal Jin extends from 
the middorsal region of the body. It runs 
around the tail and proceeds a nteriorly as a 
ventral Jin up to the cloaeal opening. The caudal 
jm is also narrow and is of di/divcercal type 
(the cartilaginous epicliordal or dorsal and 
hypochordal or ventral rays are similarly 
developed on the two sides of the noto¬ 
chord) like that oflampreys. 'The mouth is 
terminal in position and is bounded by 
delicate lips. The buccal cavity is more 
extensive than that of lampreys, but. the 
buccal funnel is absent. There are about 
three or four pairs of tentacles around the 
edge of llie mouth (Fig. 4.13A). The ten¬ 
tacles are supported by skeletal rods. Just 
on the dorsal side of the mouth there is a 
curved large median tooth. 'There, are two 
rows of teeth on the tongue. T he single 
nostril opens terminally close to the mouth. 
The nasohypophysial tube opens into the buc¬ 
cal cavity. 'Tin* paired eyes are rudimen¬ 
tary and limet ionless. The number of ex¬ 
ternal openings of gill-pouches varies from 
1 to Impairs. In Myxirie, the efferent duels 
from the six gill-pouches of one side unite 
to form a common duel which opens to 
the exterior by a single slit (Fig. 4.13B). So 
in Myxine only one pair of gill-slits is 
visible. But in Fptalrelus* there exist thir¬ 
teen to fifteen separate external gill-slits on 
each side of the body (Fig. 4.13E). There 
are rows of minute openings of the mucous 
glands specially on tin: ventral side of l4ie 
body. 

Body wall and musculature 

The integument, like that of lampreys, 
is soft and lacks exoskcleton. The epidermis 
contains special types of * thread cells' in hag¬ 
fishes (Fig. 4.14). Each such cell contains a 
continuous fibrous proteinaceous thread, 
which after release absorbs water to form a 
thick coaling of mucus over t he body. 

The muscles in the body are arranged in 
myomeres. But in hagfishes, the myotonies 
are undivided, i.e., the niyotorm s of one 
side alternate with those of the other side 
of body. The ‘tongue’ is associated with an 
intricate system of muscles. t 
Locomotion 

The hagfishes are sluggish animals and 
remain buried in the sandy bottom. The 
power of locomotion is comparatively poor 
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because of the feeble development of the 
body musculature. However, the mecha¬ 
nism of locomotion in hagfishes is similar 
to that described in lampreys. 

Skeletal structures 

The skull is fundamentally similar to 
that of lampreys, but the roof is entirely 
membranous. The notochord is cnsheatlied 
by fibrous tissue, but the vertebral ele¬ 
ments are absent. The nasal duct is cov¬ 


ered by a fanestrated cartilaginous capsule 
and a series of rings which are attached 
with the cartilages of the skull. 

The skeletal support of the branchial 
region is ill-developed. The branchial 
basket is represented by a few anterior 
branchial arches. The arches are the first 
branchial and extrabranchial cartilages and the 
second extra branchial cartilages . A pair of 
rudimentary cartilages supports the com¬ 
mon gill-slit of Myxine. 


T tentacles -nasal aperture 

«*' “” u,h pa —«««. 


openings of slime 
: gland Sn 


pharyngocutaneous 

aperture 

common branchial 
aperture 
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median ventral 
cartilage 

lingual muscles 


*pharyngocutaneors 
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efferent duct from 
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p fin 
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Fig. 4.13 Structures of the hagfishes. A. Dorsal view of an entire Myxine. B. Ventral view of the 
anterior end of Myxine. C. Diagrammatic longitudinal sectional view of Myxitie to show the disposi¬ 
tion of the internal structures. 1). Membranous labyrinth of Myxine. E. A partly dissected view of 
Eptatretus to show the Arangeinent of gill-pouches. Note that each gill pouch communicates to the 
exterior through a separate exit. 



PHYLUM CHORDATA—JAWLESS VERTEBRATES 


77 


mucous coat 



thread cell 
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j.’jg. 1.14. Section of the skin of Mvxiue. Note tin* 
peculiar ‘thread cells'. 


Fig. 4.13D). In hag-fishes, a pharyngo- 
cutaneom dud is present immediately be¬ 
hind the last gill-pouch and on the left side. 
This is a communicating duct between the 
♦pharyngeal cavity and the exterior. The 
pharyngocutaneous duct opens into the 
left external branchial pore. This duel helps 
in the expulsion of larger partioles from the 
pharynx and thus prevents the entry of 
such particles into the delicate gill-pouches. 

Circulatory system 

The heart is S-shaped and three cham¬ 
bered s;meture consisting of a sinus ven- 
osus, auricle and ventricle (Fig. \.1 o'). The 


Digestive system 

The alimentary canal is a straight tube 
with a comparatively wide intestine. 1 be 
‘tongue’ is well-developed and is operated 
by elaborate tongue musculature. Two 
rows of small teeth are present on the 
‘tongue’. These teeth arise from the dental 
plate. The Tongue’ and sucking apparatus 
are well-developed. T he stomach is a slight¬ 
ly dilated chamber. T he intestine lacks the 
spiral valve. The liver is composed ol two 
separate portions, one is dorsal and the 
other is ventral. A gall bladder is present. 
Two duets, one coming from each portion 
of the liver, open independently into the 
gall bladder. A pancreas-like structure is 
represented by the aggregations of secre¬ 
tory tubules. It is comparable with that ol 
lampreys. 

Respiratory system 

The gills are modified into the gill- 
pouches. T he branchial region in hagfishes 
is restricted to the roundish respiratory en¬ 
largements (gill-pouches) which open into 
the pharynx. The number oi the gill- 
pouches varies from six to fifteen pairs in 
hagfishes. Myxine has six pairs of gill- 
pouches while Epialretus possesses thirteen 
to fifteen pairs or gill-pouches. In Myxine 
the gill-pouches do not open separately to 
the exterior as seen in the case of lampreys. 
Each gill-pouch produces an elongated 
efferent exit tube. Thus six exit tubes of 
one side unite to form a common canal 
which opens to the exterior by a single 
gill-slit (See Fig. 4.13C). So in Myxine only 
one pair of external gill-slit is present. But 
in Eptatretus, each gill-pouch opens sepa¬ 
rately, as a consequence thirteen to fifteen 
pairs of external gill-slits arc present (Sec 



Eig. 4.If), limit of Myxine. The chambers are 
clisyerLrd to show the internal organisation (after 
Jollie). 


conus arteriosus is absent, but the truncus 
is well represented. The arterial arches in 
hagfishes are almost similar Lo that of lam¬ 
preys except that each aortic arch supplies 
the hcmibranchs of a single gill-pouch 
(Fig. 4.16). The retention of left: common 
cardinal (ductus Guvieri) and the con¬ 
version of the right one into a portal heart 
supplying blood to the liver arc the 
peculiar features i up the circulatory system 
of hagfishes. The blood is iso-osmotic with 
the sea water. The blood forming lym¬ 
phoid tissue is scaiteredly observed in 
the submucous layer of the alimentary 



78 


BIOLOGY OF ANIMALS 



canal. The pronephros is also recorded 
to be one of the sources of formation of 
blood cells. 

Nervous system 

The nervous system of hagfishes is un¬ 
like that of the lampreys. The spinal cord 
is ensheathed exclusively by the fibrous 
tissue. The brain is devoid of any choroid 
plexus. The rnyelencephalon is large and 
the rest of the sectors of the brain are ill- 
developed in comparison to that of the 
lampreys. The olfactory lobes are larger. 
The ventricles of the brain arc greatly 
reduced. 

The cranial nerves are almost similar to 
that of lampreys with certain individual 
peculiarities. The oculomotor, trochlear 
and the abduccns nerves are absent or 
extremely reduced as the consequence of 
degeneration of the corresponding eye 
muscles. The ninth and tenth nerves, like 
those of lampreys, arc postcranial, i.e., the 




Fig. 4.17. Stages of development of Eptalrctus. A. A cluster of eggs attached with each other hy 
anchor filaments. W An egg with anchor filaments on either pole. C. Four-cell stage. I). Showing 
early cleavage furrow. E. Early segmentating embryo. F. Showing the blastodisc cap at animal pole 
of the egg. G. Young immediately after hatching. 
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glossopharyngeal and vagus nerves do not 
emerge out from the brain. Besides these 
two posterior pairs of nerves, all other 
eranial nerves emerge out from the brain. 
The dorsal and ventral roots of the spinal 
nerves become united and are not separate 
as seen in case of lampreys. 

Sense organs 

The paired eyes are rudimentary and 
sunk below the skin. The eyes lack nerves 
and muscles. The pineal eye is absent. The 
ear has only one semicircular canal (See 
Fig. 4.13D) and this canal contains two 
ampullae one at each end. The nasohypo- 
physial tube opens internally into the roof 
of the pharynx. 

Excretory system 

The pronephros is retained in adult hag- 
lishcs which is hardly marked off from the 
mesonephros. The pronephros lies dorsal to 
the pericardial cavity. Tn Eptatrelus, the 
pronephrie duct is present, but Myxinc 
lacks such a duct. The pronephrie tubules 
have no communication with the exterior. 
The functional kidney which is of meso¬ 


nephric type is peculiar in having segmental 
disposition. 

Reproductive system 

The hagfishes are hermaphroditic. 'The 
anterior portion contains eggs and the 
hinder part is testis-like. They art' pto- 
tandric forms, i.e., the male gametes arc 
produced prior to the maturation of the 
female gametes. The eggs are larger in size 
and are cylindrical in shape. The eggs are 
covered by a protective horny shell. The 
eggs are tclolecithal types having hooked 
anchor filaments at either pole. 

Development 

The developmental events are known 
only in Eptatrelus. The cleavage is mero- 
blaslic. 'The cleavage lakes place at the 
animal pole of the fertilized egg and the 
embryo differentiates at the posterior mar¬ 
gin of the bias Iodise. 'The process of deve¬ 
lopment resembles closely that of lampreys 
except in the initial stages of nerve tube 
formation. T 11 haglishcs (as seen in Eptatre¬ 
lus ), the development is direct, i.e., the 
larval life is absent. The stages of em¬ 
bryonic development of Eptrftrctiis arc 
shown in Fig. 4.17. 


Lampreys and Hagfishes—A comparative study. 

A comparative study of the lampreys and hagfishes reveals many differences which 
are tabulated in 'Table Chordata 4. 

TABLE CHORDATA —4 


CHARACTERISTICS 

i 

LAMPREYS j 

lfAGMKtJES 

1. Habit and Habitat 

Live usually in sea and migrate j 
to the rivers for spawning. The ; 
adults are semiparasitic but the ; 
larva leads independent life. i 

i 

i 

i 

Lxdnsively marine and remains 
buried in sand and devours the 
polychaclcs and other worms. 
They usually a hack the dying and 
just dead fishes and enter inside 
the body (possibly through the 
month) and suck the whole con¬ 
tents leaving the skin and bones. 
They also cat the decomposed 
fishes. 

2. Shape of the body 

The body is cylindrical and stout. 

i 

The body is slender (“eel-like”) 
and feeble. 

3. Fins 

The dorsal fm is dividrd into two ! 
portions by a notch. The caudal j 
fin is well-represented. ] 

The dorsal fin is ill-developed, 
narrow and undivided. T he caudal 
fin Is slightly developed. 

4. Mouth 

The mouth is subtcrminal in 
position due to the overdevelop- * 
inent of the upper lip region to form 
a funncl-likc structure. 

Terminal in position and is 
surrounded by soft lips. 




80 


BIOLOGY OF ANIMALS 


CHARACTERISTICS 

1 

j LAMPREYS 

j IIAGFISHES 

.j - - - 

3. Sensory tentacles around 
moulh 

! Absent. 

! Three or four pairs of tentacles 
. are present around the edge of the 
mouth. 

l>. Buccal funnel 

! Present. 

Absent. 

7. Sucking device 

Moderately developed. 

Highly developed. 

H. Nostril 

; Single nostril lies on the dorsal 
; side of (he head and occupies a 
| median position. 

Single nostril situated very dose 
: to the moulh and opens terminally. 

9. ‘Thread cell.'/ in the skin 

Absent. 

Present. 

10. Myotonies 

The myotonies are separated into 
the dorsal and ventral portions by 
! myosepta. 

| The myotonies are not separ.it- 
; eel, i.e.j myotonies of one side 
alternate with those of the other. 

11. Cartilaginous oral ring 

Present. 

Absent. 

12. Lingual cartilage 

1 Feebly developed. 

Well-developed. 

13. Roof of the skull 

! Mainly membranous with a nar¬ 
row bar across the posterior region. 

Exclusively membranous. 

11. Teeth 

j Horny teeth arc present in tin: 
i buccal funnel and ‘tongue 7 . The 
j teeth present on the tongue arc 
! larger in size. 

Small teeth are present on the 
‘tongue’ along two rows. 

13. Tongue' 

i Feebly developed. 

Strongly developed. 

Id. Paired salivary glands 

Present as a pair of pigmented ! 
, sacciform structures within the 1 
! hypobrant hial muscles. True na- 
i lure of these glands is controversial. 

Absent. 

17. Respiratory and digestive 
portions 

The buccal cavity leads into two 
lubes, the dorsal one is the oeso¬ 
phagus and the ventral one is the 
respiratory tube. 

There is no separation of the 
digestive and respiratory parts. 

ell. Respiratory tuber 

It is closed behind and the open 
anterior end is guarded by velum. 

I he gill-pouches open directly into 
the respiratory lube. 

Absent. The branchial region is 
restricted to the roundish enlarge¬ 
ments called the gill-pouches which 
open into the pharynx. 

19. Spiral valve in the intes¬ 
tine 

Present. 

Absent. 

20. Liver, gall bladder and 
bile duels 

The liver is a massive conical 
structure. It is bilobed, but the 
lobes arc joined. The gall bladder 
and bile duels are present in larval 
stage, but usually disappear in 
adult. 

The liver is divided into a dorsal 
and ventral portion. Gall bladder 
is present. Two bile ducts, one 
from each portion of the liver, 
open separately into the gall 
bladder. The two portions of the 
liver are not joined. 

21. Branchial 'egion 

Voluminous. 

Small and restricted. 

22. Cill-pouches 

" 

■ 

4 

Seven pairs of gill-pouches arc 
present which do not open into the 
gut, but jnto the. respiratory tube. 

1 

The number of gill-pouches 
varies from six to fifteen pairs. 
Myxine possesses six pairs of gill- 
pouches, while Eptalretvs bears 
thirteen to fifteen pairs. The gill- 
pouches open directly into the gut. 
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CHARACTERISTICS 

LAMPREYS 

23. External gill-slits 

Seven pairs in adult. An addi¬ 
tional pair may be present in the 
larva. 

24. Pericardial sac 

Thick-walled and supported by 
a cartilaginous skeleton. 

25. Shape ol‘ R.B.C. 

Circular in outline. 

2(i. Blood forming tissue 

Present in kidneys and below the 
spinal cord. 

27. Ductus Cuvicri 

Only right one is present and the 
left is absent in adult, although both 
persist in the larva. 

29. Aortic arches 

Each arcli divides and sends 
branches to the posterior hcini- 
branch and anterior heinibrauch 
of (he adjacent gill-pouches. 

29. Nerve supply to heart 

I he heart gets the nerve fibres 
lYorn the vagus nerve and contains 
nerve cells. 

30. Brain 

Brain is comparatively well-deve¬ 
loped. 

31. Formation of central nor- | 
vous system | 

The central nervous system is 
formed as a solid ectodermal keel 
which becomes hollow to form the 
neural lube. 

32. Olfactory lobe 

Smaller. 

33. Choroid plexus 

Present. 

34. Cranial nerves 

Ten pairs of cranial nerves are 
present. 

35. Lateral line branch of 
vagus 

Present and well-developed. 

3(5. Blood vessels in the spinal 
cord 

There is no blood vessel within 
the spinal cord. 

37. Nerves to the eye-muscles 

The eyc-muscle nerves are pre¬ 
sent. 

38. Roots of the spinal nerves ; 

The dorsal and ventral roots of 
the spinal nerves remain separate. 

39. Paired eyes 

i 

Functional and well-developed. 

40. Pineal eye j 

Present. 

41. Semicircular canals 

Two semicircular canals each 
with an ampulla are present. 

12. Nasonypophysial duct 

Ends blindly. 


11 AO FISHES 

One pair in Myxine. bill lliirtceu 
I to fifteen pairs in Eptulrctus. In 
i Mvxine, ihe exit duns from die 
: gill-pouches unite 10 form two 
common lubes. 

Thin-walletl atUl not supported 
; by any skeleton. 

Elliptical in outline. 

Scattered in the stibium osa of 
: die gut and pronephros. 


both are present. 


Each supplies the liemibiaiichs 
ol a single gill-pouch. 


Ihe nerves and nerve cells are 
; absent in the heart. 

I 


Brain is simpler and degenerated. 


In liagfislies (as “studied in 
j Eftlahctus ), it is formed from ari 
| open neural groove. The lips of 
! the neural groove fuse and a 
hollow neural tube is cut. olF. 

Larger. 

Absent. 

Tin* oculomotor, trochlear and 
abducens nerves are absent. 

Absent. , 


Blood vessels are present within 
the spinal cord. 

The eye-muscle nerves arc ab¬ 
sent. 

The dorsal and ventral roots arc 
united. 


Rudimentary and sunk beneath 
the skin. The eyes arc devoid of 
lenses and eye-muscles. The optic 
nerves are reduced. 

Absent. 


Only one semicircular canal 
with airipitflae, one a t each end, is 
present. 

Opens postriorly into the mouth 
cavity. 
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CHARACTERISTICS 


I. AM PREYS 


HAG FISHES 


43. Anterior lobe of Pituitary 


Differentiated. 


Undifferentiated. 


44. Kidneys 


5. Urionogenitid sinus 


r Phe pronephros does not persist | The pronephros is retained in 
in adult. The mesonephros is the j adult. The functional kidney is of 
functional adult kidney. The meso- : mesonephric type and simpler, 
nephric tubules arc complicated ■ The mesonephric tubules have 
and lack segmental disposition. ' segmental arrangement. 

Present. Absent. 


6. Reproductive system 


47. Kgg 


; The sexes are separate in adult, 
I but the ova may be present in the 
: testis. Iti young Ammoeoetes larva, 
| the gonad is hermaphroditic in 
j nature and contains both sperma- 
S tocytcs and oocytes. 

! The eggs are small and arc dc- 
I void of horny shell. The eggs arc 
ovoid in shape and arc essentially 
. isolccithal although an accumula¬ 
tion of large yolk materials is oh- 
i served at the vegital pole. 


The sexes are united. The an¬ 
terior portion of the gonad acts as 
the ovary and the posterior part is 
testis-like. 


The eggs are large and enve¬ 
loped by cylindrical horny shell. 
The shell bears terminal hook-like 
processes. The eggs arc elongated 
and typically tdolcciilial. 


48. Segmentation j Holoblastic. Meroblastic in Kptatrctus. 

49. Development I The development is accompanied ! The development is direct, i.e.. 

by metamorphosis of the Ammo- the metamorphosis is unknown. 

;• coctcs larva. i 


CLASSIFICATION 

CLASSIFICATION IN OUTLINE 
('lass Cyclostomata 

Subclass Petromyzontia, c.g., Petromyzon , 
Lampelra , Entosphenus , Ichlhyomyzon , Cas- 
piomyzon, Geotria , M or dad a. 

Subclass Myxinoidka, e.g., A lysine, Para - 
myxine , Ep(atreins (- Bdellostoma ). 

CLASSIFICATION WITH CHARAC¬ 
TERS 

The class Cyclostomata is divided into 
two subclasses, Petromyzontia and Myxi- 
noidea. These two subclasses are sharply 
distinguishable from each other as shown 
in table Chordata - 4. 

Subclass Petromyzontia 

The members of this subclass are called 
the lainprcys/lampcr eels/lamperns/sand 
pride, etc. All these forms are included 
uuder one family Petmmyzontidae. The 
subclass is characterised by having: (1) 
Two dorsal fins. (2) Seven pairs of gill- 
pouches opening into the respiratory tube. 

(3) Nasopharyngeal duct is dosed behind. 

(4) Well-developed branchial basket. (4) 
Presence of two scifucircular canals. (6) 
The dorsal and ventral roots of the spinal 


nerves remain separate. (8) Metamorpho¬ 
sis is present. 

Examples: Petromyzon (common in the 
livers of Europe, Japan, North America 
and western .parts of Africa). Entosphenus 
(found in the western coasts of North 
America), Ichlhyomyzon (abundant in the 
east coast of North America), Lampelra (the 
Eurasian fresh and salt water lamprey). 
Geotrio (present in the rivers of Chile, Aus- 
tralia and New Zealand), Mordacia (occurs 
in Tasmania and Chile). 

Subclass Myxinoidea 

The representatives of this subclass are 
called the hagfishes. They are exclusively 
marine and possess many individual char¬ 
acteristics. 'These arc: (1) The dorsal fin 
L continuous and feebly developed. (2) Six 
to fifteen pairs of gill-pouches are present 
and the number of gill-slit s varies from one 
lo fifteen pairs. (3) Nasopharyngeal duct 
opens posteriorly into the pharynx. (4) 
Branchial basket is ill-developed. (5) Only 
one semicircular canal is present. (6) The 
dorsal and ventral roots of the spinal nerves 
are united. (7) Metamorphosis is absent. 

Examples: Myxine (inhabits the coast of 
South America), Paramyxine (common in 
Pacific ocean), Eptatrelus or Bdellostoma - 
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(occurs in South Africa, New Zealand and 
Chile). 


AFFINITIES AND SYSTEMATIC 
POSITION 

The cycloslomes constitute a curious group of 
animals and represent the most primitive craniatcs 
that are living to-day. The anatomy of the cydos- 
tomes exhibit many primitive, specialised and dege¬ 
nerative features which resemble other forms lowly 
or highly graded than this group. Because of the 
fact, the systematic position becomes a questionable 
issue. 

Relationship with Limulus* Patten and Gas- 
kell tried to draw affinities between Litnulm and 
Ammocoetes larva of lamprey depending upon the 
superficial similarities in the respiratory apparatus. 
But the recent workers on this line, do not recognise 
such an unusual line of phylogenetic relationship. 

Relationship with Branchiostoma. The cy- 

clostomcs show many anatomical resemblances with 
the Branchiostoma. The adult cycloslomes and 
Branch instonia possess the following points of simi¬ 
larities: (1) The notochord i v s continuous. (2) Pre¬ 
sence of segmental muscle blocks (myotonies) from 
the anterior to the posterior end of the body. (3) 
There arc large number of gill-slits in Branchios¬ 
toma and specially in lihtatretm. (4) Absence of 
gonodurts. (5) Straight alimentary canal. In addi¬ 
tion to the above semblances, the ammocoetes larva 
of lamprey is strikingly similar to Branchiostoma. 
The adult cydostornes show some anatomical 
advancement over Branchiostoma but the relation¬ 
ship with the ammocoetes larva needs consideration. 
The presence of continuous median dorsal (in, oral 
hood, endostyle and ciliated gut in both the forms 
led many Zoologists to postulate the idea that 
Branchiostoma. as seen to-day, represents a per¬ 
manent neotenic larval form of some species of 
cycloslomes. But diieet cvidcnivs in favour of this 
contention are lacking. The relationship with 
Branchiosloma docs not advance our idea on the 
phylogenetic status of the cydostornes. but their 
primitive organisation is amply dear from such a 
relationship. The cydostornes possess many advan¬ 
ced characteristics over the Brandiistoma which 
demand a higher rank than that of Branchiostoma. 

Relationship with Craniata. Inclusion of the 
cydostornes under the subphyhim Craniata is un¬ 
animously accepted, because all the diagnostic 
c raniate features are evident in them. These features 
are: (1) Presence of skull housing the brain. (2) Pre¬ 
sence of vertebral column iri a lowly developed'con¬ 
dition. (3) The epidermis is multilayered. (4) Well- 
developed circulatory system with a contractile heart 
and blood is present. (5) Hepatic portal system is 
present . (6) The kidneys are usually of mesonephric 
types. (7) Thickening of the rnyolornal muscles on 
the dorsal side of the body. Despite of their construc¬ 
tion on the basic craniate plan, the cydrstomes differ 
widely from the rest of the enniates by having 
numerous individual peculiarities; viz. (1) Absence 
of bating jaws.* (2) Existence of the unconstricted 
notochord. (3) Rudimentary vertebrae are present. 
(4) The paired appendages are lacking. (5) Lack of 
true fin-rays. (6) Possession of a single median ol¬ 
factory opening. These above mentioned features 
are quite uncommon in other craniatcs and have 
practically isolated the group from others. The pre¬ 


sence of‘tongue’, sucking mouth, horny teeth, sac- 
like gill-pouches with supporting branchial basket, 
dorsal nostril and the ‘thread cells’ in tlu* h.igfishcs 
are possibly the adaptive features for the peculiar 
wavs of life. 

Relationship with Ostracoderms. The cy- 

clostomcs resemble closely the ostracoderms. The 
ostracodenn features present in the cydostornes are: 
(1) The failure to evolve complex biting jaws. (2) 
Similar structure of brain and cftmial nerves. 
(3) Similar auditory capsule. (/I) The pouch-like 
brahdiial sacs. (/Vi Single median nasal aperture. 
But the lack of fossil records stand on the way of 
drawing any phylogenetic relationship between the 
groups. 'Hie cydostornes differ from the oslraco- 
derms, specially by the complete absence of bone 
and paired appendages and by having a few spe¬ 
cialised features connected with the feeding habit. 
Despite of minor differences, the c ycloslomes are 
regarded to be closely related to the ostracoderms. 
The specialised features are possibly emerged out of 
peculiar modes of feeding. Stensio (1927) has advo¬ 
cated the view that the cyc loslomes have descended 
from the ostracoderms and during the process of 
descent the bony elements have been replac ed by 
cartilages. Although positive evidences are lacking 
in favour of this idea, the nstramdmu relationship 
of the, cycloslomes has solid basis to exclude all 
denials. 

Relationship with Fishes. All hough the cyc- 
lostomcs and fishes are both primary aquatic verte¬ 
brates, the cycloslomes present many charac teris¬ 
tics which are definitely primitive tlurti the organi¬ 
sation of the fishes. The following features are re¬ 
garded to be primitive in cycloslomes than in the 
lishes: (I) Presence of impel feet cranium. (2) Pre¬ 
sence of poorly developed vertebrae. (3) Existence 
of a continuous median (in in Myxine and Ammo 
cocles larva. ( !) The tail (in is of diphyeercal type. 
('») The heart is a tubular S-shaped structure. ((>) 
T he brain is lowly developed. (7) T he ninth and 
tenth cranial nerves are not enclosed in the skull. 
(8) The nerves are rion-medullafed. (9) Poorly deve¬ 
loped lateral line sense organ. (10) Persistent pro- 
nephric duct in hagiishes. ;11) The respiratory 
organs arc: the gill-pouches. T hese characteristic.^ 
testify the fact that the cycloslomes occupy a status 
much below that of fishes, although several attempts 
have; been made to regard the cydostornes as the 
degenerated fishes which have lost the paired appen¬ 
dages. jaws and manv other structures cluiing the 
process of transformation. 

PHYLOGENETIC ST AT US OF THE CYGLO- 
STOMKS 

The cydostornes represent the most primitive 
forms amongst the craniates. They are lower in 
structural organisation than that of fishes but higher 
than that of Branchiostoma. The real relationship 
of the cydostornes lies with ihe ostracoderms. The 
cydostornes are regarded as the degenerative cnd- 
products of some groups of ostracoderms. The rela¬ 
tive status of the two groups lampreys and hag- 
fishes within the class Gyclostomata becomes diffi¬ 
cult to interprete. The lampreys possess many ad¬ 
vanced characteristics than in hagfishrs, viz. (T) The 
median fin is divided into two parts, but in hag- 
fishes the fin is continuous. (2) The nostril is mid- 
dorsal in position, while in hagfishes it is terminal. 
(3) Cranium in lampreys is well-developed than the 
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hagfishes. (4) Two semicircular canals are present 
in lampreys, but only one is present in hagfishes. 
(5) The vertebral elements are lacking in hagfishes, 

lampreys hagfishes 


cephalaspids pteraspids 

\ 

ostracoderms 


unknown vertebrate 
ancestor 

l ; ig. 4.18. Schematic representation ol* the prob¬ 
able phytogeny of the cyclostomes. 


although these elements are present in lampreys 
in a lowly developed condition. (6) The hagfishes 
have functional pronephros which is absent in 
adult lampreys. (7) The lateral line orgaas are high¬ 
ly developed in lampreys. (8) The paired eyes are 
functional in lampreys which are non-functional 
in hagfishes. Besides these features, there are a few 
characters that arc definitely more primitive in 
lampreys than in hagfishes. These characteristics 
are: (1) Ill-developed sucking apparatus. (2) The 
dorsal and ventral roots of the spinal nerves remain 
separate. f3) The eggs arc minute. (4) The cleavage 
is of holoblastic type. (5) The development is in¬ 
direct with the Ammocoetes larval stage. This larval 
stage shows many resemblances with the Branchios- 
toma. So the real status becomes more complicated 
to intcrpretc. With all probabilities, the diversities 
in the two subclasses of the cyclostomata are due to 
their subsequent divergence from a common ances¬ 
tral source. The lampreys and the hagfishvs arc the 
endproducts of two evolutionary lines converging 
bark to the different orders of the ostracoderms. 
The lampreys are the direct derivatives of Ccpha- 
laspids and the hagfishes are the descendants of the 
Pteraspids. The probable phylogenetic tree is given 
in Fig. 4.18. The hagfishes are more primitive than 
the lampreys so far as the structural organisation i* 
concerned. Although some features in lampreys are 
obviously more primitive in nature than hagfishes. 
the hagfishes are to be treated as lower in rank than 
the lampreys because majority of the features in 
I hem are degenerative. 



SUMMARY 


1. The superclass Agnatha is represented by a 
group of animals which have tailed to develop the 
biting jaws. The ostracoderms and cyclostomes arc 
the members of the group. They constitute the 
earliest: forms of backboned animals and furnish an 
interesting case of experimentation on feeding prior 
to the emergence of biting jaws in the vertebrate 
series. 

2. All the agnathans are classified into two Hass- 
/s: Ostracodermi and (Jyelostomala. Besides the 
absence of jaws, these two classes are united under a 
common superclass Agnatha or Monorhina by 
having a single median nostril, pourh-like gills and 
many other characteristics. 

3. The class Ostracodermi includes the ostra¬ 
coderms of the Ordovician rocks. All of them are 
extinct. They have fish-like bodies with heavy 
head armour. The gill-slits arc rounded and the 
endo,skeleton is moderately ossified,. 

4. The ostracoderms fall under four orders: 
Kuphancridn, Picrnspidomorphi, Gephalaspidomor- 
phi and Anapsida. jamoylius , P ter asp is, Cephalaspis 
and Birkenia are some of the typical examples of the 
class. 

5. The fossils of the ostracoderms are mostly re¬ 
corded in die seas, but their progenitors were the 


inhabitats of fresh watei near the estuaries. 

fi. The class Cycles to mat a. presents the living 
agnathous animals examplilied by the lampreys and 
hagfishes. 

7. The cyclostomes are characterised by having 
a common fundamental organisation. But the lam¬ 
preys and hagfishes are sharply distinguishable from 
each other by a number of features. The common 
features are due to their common ancestry while the 
differences are due to their subsequent divergence 
in time and space. 

8. The agnathans, in general, arc considerably 
primitive in structural organisation than the fishes 
but higher than the cephalochordates. This transi¬ 
tional anatomical status makes the. group extremely 
interesting. 

9. The cyclostomes are regarded as the degene¬ 
rated endproducts of two groups of ostracoderms in 
which the bony elements (present in the ancestral 
ostracoderms) have been replaced by cartilages. 
Although posilivc evidences are lacking, the ostra- 
codcrm relationship of the cyclostomes is significant. 

10. Besides their anatomical peculiarities, the 
characteristics, habit and habitat of die extinct 
and extant agnathans furnish an idea about the 
biology of the early vertebrate forms. 



CHAPTER 5 


Phylum Chordata —fishes 

Fishes are the true aquatic vertebrates which exploit every nook and niche of the 
domain of water. The fishes arc specially noted for their unimaginable number and 
bewildering forms. But all of them have a stream-lined bodv covered by. scales and 
possess fins supported by fin-rays (Fig. 5.1). Fishes constitute the first group of ani- 



Fig. 5.1. A fish lias a stream-lined body rou n d 
by the scales and moves by the fins. 

mals that have developed the biting jaws in the phylogenetic history of the vertebrates. 
The aquatic environment has imparted tremendous influence on the life of the fishes. 
The biology of the fishes is so diverse, it is extremely difficult to give a concise account 
of the group. However, the present chapter deals with the biology of a few typical repre¬ 
sentatives with a special emphasis on their taxonomy and general organisation of the 
group. 


1M P< >RTANT I ’EATUR KS 

The fishes include a large variety of 
forms. All of them arc built on a funda¬ 
mental plan and possess the following corn- 
m< m features: (1) The fishes are the primary 
aquatic vertebrates and the body is moulded 
to live in that particular condition of life. 

(2) The movement and equilibrium are 
maintained primarily by the paired and 
unpaired lins. The paired fins are the pecto¬ 
rals and pelvics while the unpaired ones are 
the dorsal, anal and caudal fins. The fins 
are supported by the true dermal fin-rays. 

(3) The body is covered by the dermal 
scales. (4) The organs of respiration are 
ordinarily the gills. (5) The notochord is 
virtually replaced by the development of 
the vertebrae which are either bony or 
cartilaginous in nature. (6) A single circuit 
venous heart is present. (7) Skull and the 
visceral arches are well-developed. (8) The 
internal eaK with three semicircular canals 
is present. There is no middle ear. (9) The 
lateral line sense organs are well-developed 
and are mostly enclosed in a closed canal. 
(10) The dorsal and ventral roots of the 
spinal nerves are united. (11) Most of the 
nerves are medulla!ed. (12) The kidney is 


of mesonephric type, although a few pro- 
nephric tubules may persist. (13) The 
allantoic bladder is absent,. 

()UTL1 NL (.LASSIFI(1A l It>N 

The classification of fishes is a very diffi¬ 
cult task in the science of Ichthyology (Gr # 
ichlhys ~~ a fish and loom d iscoursej. Due 
to the lack of complete fossil records and 
transitional forms, the division of the fishes 
into different groups is unsatisfactory. The 
older idea of the inclusion of all the fishes 
under a superclass Pisces is no longer fol¬ 
lowed in the recent times. All the fishes are 
classified directly into three classes PLACO¬ 
DERMI, CHONDRICHTHYES and OSTK1CHTII- 
yes which occupy equal taxonomical ranks 
with the other classes of the gnathostoma- 
ta. The following classes and subclasses 
of the fishes are recognised. 

Class 1. Placodermi (Aphetohyoi- 
dea) 

Class II. Chondrichthyes (Elasmo- 
branchii) 

Class III Osteichthyes 

There are six subclasses under the Class 
Placodermi. The subclasses are: (1) Acan- 
thodii, (2) Arthrodira, (3) Petalicluhyida, 
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(4) Antiarchi, (5) Rherianida and (6) 
Palaeospodylia. The class Chondrichthyes 
includes two subclasses: (1) Selachii and 
(2) Bradyodonti. The class Osteichthyes 
contains two subclasses: (1) Actinopterygii 
and Crossopterygii. 

Example of Cartilaginous fish— 

SCOLIODON 

The class Chondrichthyes embraces a 
large variety of cartilaginous fishes. To give 
a general idea, of the class, the common 
example of the group, the dogfish is select¬ 
ed as an introductory type. There are seve¬ 
ral types of dogfishes available in the diff¬ 
erent parts of the earth. 'Die typical Indian 
genus, Scoliodon is described below which is 
represented by about nine species, of which 
four are very common in the Indian seas. 


head is dorsoventraily flattened and termi¬ 
nates anteriorly into a dorsoventrally com¬ 
pressed snout. The trunk is more or less oval 
In transverse section. It attains the maxi¬ 
mum thickness in the middle region and 
gradually tapers posteriorly into a long tail 
(Fig. 5.2A). The tail is also oval in cross- 
section (Fig. 5.2B) and bears a heterocercal 
type of caudal fin, i.e., the posterior end of 
the vertebral column is bent upwards and 
lies in the dorsal or epichordal lobe. The 
mouth is a very wide crescentic aperture 
lying on the ventral side of the head near 
its anterior end. It is bounded by the upper 
and lower jaws, each is beset with one or 
two rows of sharply pointed and backward- 
ly directed teeth (Fig. 5.2CJ) to catch the 
slippery prey. The teeth arc replaced if 
these are broken. The teeth of Scoliodon 
are modified scales that cover its body 
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Fig. 5.2. Structural organisation of Scoliodon. A. External features of a female specimen. B. Trans¬ 
verse section through the tail region showing the arrangement of the muscle blocks. G. Disposition 
of a tooth in the lower and upper jaws. D. Sectional view of the lower jaw showing the gradual trans¬ 
formation of the placoid scales into the teeth. E. A front view of an eye (alter Thillayampalam). 


The four Indian species arc: Scoliodon sor - 
rakowah , S. dumerilii , S. palasorrah and S. 
walbeehmi. 

HABIT AND HABITAT 

Scoliodon is a marine fish. It is a preda¬ 
cious animal and depends on its swift 
movement for capturing the prey. It is 
primarily a fish eater and catches hold of 
the prey by its sharp teeth. 

EXTERNAL STRUCTURES 

Scoliodon is an elongated spindle-shaped 
animal. It has a laterally compressed body. 
A fully-developed Specimen of the genus 
attains a length of about 60 cm. The body 
is divisible into head, trunk and tail. The 


and extend inside the jaws to serve as 
teeth (Fig. 5.2D). 

Two prominent circular eyes aie present. 
Each eye is provided with movable upper 
and lower eyelids . The third eyelid, the 
nictitating membrane can cover the whole eye 
in emergency. The pupil is a vertical slit¬ 
like aperture (Fig. 5.2E). The nostrils are 
placed one at each angle of the mouth. 
These are exclusively olfactory in function 
and have no connection with the mouth 
cavity. Each nostril is partly covered by a 
small fold of skin. Posterior to the eyes 
there are five vertical slits on each side. 
They are called the gill or branchial slits . 
The cloaca opens to the exterior by a cloacal 
aperture which is located in between the two 
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pelvic fins. The cloaca is a common cavity, 
into which anus, urinary and genital apertures 
open. On each side of the cloaca lies the 
abdominal pores. The abdominal pores com¬ 
municate witli the coelom to the outside. 
A faint lateral line is present. Beneath this 
line an underlying canal is present which 
opens to the exterior by minute pores at 
intervals. Many pores called ampullary pores 
are also present on the head.^ 

FINS 

As in other fishes, Scoliodon bears un¬ 
paired and paired fins which are actually 
flap-like integumentary extensions of the 
body. These are flexible and are stiffened 
by cartilaginous rods or horny Jin-rays. 

Median unpaired Jins. The fins under this 
category include two dorsals, one caudal and 
one ventral fin. 'The dorsal fins are triangu¬ 
lar in outline. The anterior dorsal is larger 
and situated at about the middle of the 
body. The posterior dorsal is comparatively 
small and occupies a median position bet¬ 
ween the first dorsal and the tip of tail. 
The caudal fin has one ill-developed dorsal 
lobe (epichordal) and well-developed ven¬ 
tral lobe (hypochordal) which is divided 
into two parts. Two shallow depressions 
called the caudal pits are regarded the diag¬ 
nostic features of the genus. These are pre¬ 
sent at the root of the tail, one at the dorsal 
surface another on the ventral. The median 
ventral fin is located in the midventral line 
and just anterior to the caudal fin. 

Lateral paired fins. Two pectoral and two 
pelvic fins constitute the lateral paired fins. 
The pectoral fins are large and are situated 
posterior to the gill-clefts. The pelvic fins 
are much smaller. In females these are 
simple but in males each of them is con¬ 
nected with a copulatory organ called 
the myxipterygium or clasper. Clasper has a 
rod-like appearance having a dorsal groove 
leading to a siphon at its base. 

SKIN . 

The integument is composed of an outer 
epidermis and an inner dermis. The epidermis 
is composed of epithelial cells intermixed 
with numerous unicellular mucous glands. 
In the young stage the epithelial cells are 
ciliated. But in adult the cilia are lost. The 
dermis is composed of three layers: (1) Stra¬ 
tum iaxurn , (ii) Stratum compactum and (Hi) 
Subcutaneous layer . The stratum laxum is the 
outer layer and lacks fibres. The median 


layer is the stratum compactum which is 
fibrous in nature. The basal plate of the 
placoid scale is tied to this layer by fibres. 
The subcutaneous layer is variable in 
thickness and contains fine fibres arran¬ 
ged in a reticular fashion. 

MUSCULAR SYSTEM 

• 

Between the endoskcleton and the skin 
there are closely packed muscles. The nnis-. 
des are highly developed in the trunk and 
tail regions and exhibit distinct segmental 
arrangement. There are numerous myoto¬ 
nies which are separated from one another 
by partitions made up of tough connective 
tissue called the myocommata. The muscle- 
fibres run parallel to the length of the body ’ 
in each myotome. In the head region, the 
muscles do not exhibit any sign of segmen¬ 
tation and have become specialised to con¬ 
trol the movement, of the jaws, pharynx 
and eyes. In the trunk region the muscles 
are greatly thickened on the dorsal side on 
each side of the vertebral column. Whereas 
in the tail region the muscles are equally 
developed round the vertebral column (See 
Fig. 5.2B). 

SKELETAL STRUCTURES 

'Flic entire surface of the body is covered 
by oblique rows of placoid scales or odontoids 
(Fig. 5.3). A typical placoid scale has a 
basal plate made up of calcified tissue and 
remains embedded in the skin and a back- 
wardly directed spine projecting out of skin. 
The basal plale is held in the derrnis by 
Sharpcy's and other fibres (Fig. 5.3K). 
A perforation is present at the base of 
the spine which communicates the pulp 
cavity of the basal plate with pulp cavity in 
the spine. The spine is composed of dentine 
coated externally with enamel. 'The nature 
of enamel is controversial. It is called the 
fibrodenline , because it is formed as the calci¬ 
fication of the fibrous material between the 
dentine and the enamel organ. The scales 
covering the body extend inside the jaws, 
where they act as the teeth. Placoid scale 
has dual source of origin and develops 
partly ftom epidermis and partly from 
derrnis. The basal plate as well as the 
dentine.of the spine are the derivatives of 
the mesoderm. The enamel is derived from 
the ectodermal enamel organ. 

The kndoskeleton is composed exclusi¬ 
vely of cartilage which may be hardened by 
calcification at places. It can be described 
under two heads: (\) 'The axial skeleton 
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comprising the skull and the vertebral process emerges from the side of each post¬ 
column and (2) the appendicular skele- orbital cartilage and runs forward along 
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IV 5.3. IMacoid scales of Scoliodon. A. Dorsal view. B. Ventral view. C. Dorsolateral view. 
I). Ventrolateral view. K. Diagrammatic sectional view (after various sources). 


ton consisting of the pectoral and pelvic 
girdles and the skeleton of the litis. 

Axial skeleton. The skull is a simple car¬ 
tilaginous casket, it consists of the cranium , 
four sense-capsules enclosing the auditory 
and olfactory organs and the visceral skeleton 
which form the jaws and supports the 
pharynx with gills. These three components 
A-f lhe skull remain intimately fused with 
each other (Fig. 5.4A, B). The cranium has 
four distinct regions: (l)The occipital re¬ 
gion forms the posterior portion of the skull 
arid contains a large foramen magnum 
through which the spinal cord passes down. 
An occipital condyle is present on either side 
of the foramen magnum. Above this fora¬ 
men there is a median ridge called the occi¬ 
pital crest. (2) The auditory region is made 
of auditory capsules which remain firmly 
united with the cranium in adult. An oval 
depression between the two capsules is 
called the parietal fossa . The roof of the 
cranium has two large fontanelles on the dor¬ 
sal side. (3) The middle region of the skull 
is composed of orbit. The margin between 
the roof of the cranium and the orbit is 
marked by the supraorbital ridge. A slender 
cartilage called the )) reorbital process part¬ 
ly encircles the orbit. Similarly a postorbital 


llic upper margin of the orbit. (4) The an¬ 
terior or the ethmoidal region of (he cranium 
is composed of the olfactory capsules and the 
rostrum. The two olfactory capsules are 
separated by the internasal septum. 

The visceral skeleton comprises of seven 
half-hooped cartilaginous structures that 
encircle the buccal cavity and the pharynx. 
The first pair of the visceral arches gives rise 
to the jaws, the second pair to the hyoid 
arch and the rest of them support the gills. 
The first visceral arch is the mandibular arch. 
Each half of this arch divides into two 
parts, the upper part is called the palato- 
pterygoquadrate which forms the upper jaw 
and the lower part is known as the Meckel's 
cartilage which forms the lower jaw. The 
second arch is called the hyoid arch which 
consists of three parts—a ventral basihyal , 
a lateral ceratohyal and a dorsal hyomandi- 
bular. The suspension of the jaws with the 
cranium is made through the hyoman- 
dibular and this type of suspensorium 
is called hyostylic. The rest of the visceral 
arches are known as the branchial arches 
which support the pharynx and the gills. 

Vertebral column . The vertebral column is 
composed of a chain of cartilaginous ver¬ 
tebrae. The vertebrae develop around the 
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notochord which is persistent (Fig. 5.4C). 
The vertebrae differ slightly along the 
length. A trunk vertebra is taken as the 
typical one. 

Structure of a trunk vertebra. A trunk verte¬ 
bra has a centrum that encloses the noto¬ 
chord. Above the centrum there is a neural 
canal through which the spinal cord passes 
down. The neural canal is roofed by neural 
arch which contains a short blunt neural 
spine. There is a pair of transverse processes 
which project from the centrum ventrolate- 
rally. The centrum is amphicoelous (i.e., the 
centrum exhibits concavities on both the 
ends). The notochord is very narrow 
within centrum but becomes very much 


Appendicular skeleton. The supporting ske¬ 
leton of the fins (both unpaired and paired 
ones) constitutes the appendicular skele¬ 
ton. T he two dorsal fins and the ventral fin 
are provided with series of cartilaginous 
rod-like structures called the pterygiophores 
or somactidia. The distal ends of the somac- 
tidia bear double series of the \ceratatnchia 
or horny fin-rays. Somactidia are absent in 
the caudal fin. Caudal fin is supported by 
the extensions of the neural and haemal 
spines. 

Pectoral girdle and Jin. The pectoral girdle 
is situated posterior to the last branchial 
arch and consists of two semicircular carti¬ 
lages united with one another along the 
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Fig. . r >.l. Axial skeletal elements of Scoliodon. A. Dorsal view of the skull. 15. \ entral view of the skull. 
(]. Showing a part of the vertebral column of the trunk region. A portion of the vertebral column 
is cut longitudinally In show its internal organisation taller Thillayampalam). 


dilated in the intervertebral spaces (See 
Fig. 5.4G). The centra are reinforced by 
calcified iibrocarlilage which forms four- 
wedges and traverse the body of the cen¬ 
trum as a cross. Such centra are called 
asterospondylous t^pcs. The posterior ver¬ 
tebrae contain haemal arch which is present 
on the ventral side of the cent rum. The 
haemal arch encloses the haemal canal 
enclosing the caudal artery and vein. The 
haemal arch gives a haemal spine to support 
the ventral lobe of the caudal fin. The 
posterior end of the vertebral column is 
bent dorsally. 


rnidvmtral line. T he dorsal portion of each 
half is composed of a thick and rod-like 
scapula and the ventral portion is made up 
of a thin and flattened coracoid (Fig. fi.fiA). 
At the junction of the coracoid and the 
scapula there are three facets for the arti¬ 
culation of the three basal cartilages of the 
pectoral fin called the propterygium , mesop - 
lerygiurn and melapterygium. The basal carti¬ 
lages bear many radial cartilages ( radials ) 
supporting the pectoral fin. 

Pelvic girdle and fin. The pelvic girdle 
comprises of a flattened cartilaginous rod 
situated along the transverse plane is front 



BIOLOGY OF ANIMALS 


90 


of the cloaca. A curved basal cartilage call¬ 
ed the basipterygium supports the radials of 
the pelvic fin (Fig. 5.5B). The basiptery¬ 
gium is attached anteriorly to the pelvic 
girdle. The radials at the distal ends con¬ 
tain small cartilages bearing the ceratotri- 
chia. 

In males each clasper is a tubular carti¬ 
lage and grooved dorsally. Distally the 
groove terminates into a sharp style which 


either side of the incompressible vertebral 
column which acts as a lever upon which 
the myotonies work. The contractility of the 
myotonies thus causes the bending of the 
body. During forward progression the con¬ 
traction of the myotomes occurs along the 
anteroposterior direction in such a way that 
the waves of curvature pass down each 
side of the body alternately from the head 
to the tail. Such contraction is called the 
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Fig. 5.5. Appendicular skeleton of Scoliodon (after ThillayampalltRi). A. Half of the pectoral 
girdle and fin (ventral view). B. Half of the pelvic girdle and fin of a male (dorsal view). 


is enclosed by two sheathing plates . At the 
upper end of the style lies a small accessory 
cartilage. 

LOCOMOTION 

The movement of Scoliodon is caused by 
the activities of the inyotomal longitudinal 
muscle fibres and also aided by movement 
of the fins. In the phylogenetic history of' 
the fishes, the fins were primarily employ¬ 
ed to raise the body off the bottom, but 
these become secondarily used in swim¬ 
ming by producing undulatory movements. 

The longitudinal .muscle-fibres compos¬ 
ing the myotomes play the important role 
in swimming. The myotomes are placed on 


metachi onal contraction. It has been calculat¬ 
ed that about 54 waves arc produced per 
minute during steady swimming. The con¬ 
trolling factors governing such contraction 
of muscles is not fully known. In Scoliodon, 
the transection of the spinal cord behind 
the medulla oblongata is capable of pro¬ 
ducing swimming movements for several 
days. This phenomenon suggests that 
rhythm of contraction is largely governed 
by the spinal cord, but the influence of 
brain on the whole process is yet unsolved. 

The body and fins are specially modified 
to maintain an equilibrium in water during 
swimming. The dorsal fin is well-develop¬ 
ed and helps to restore stability and helps 
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in the restoration of equilibrium, if there 
is any deviation along the vertical axis of 
the body. The pectoral fins play a very 
important role in turning of the fish by 
the unilateral breaking with the pectoral 
fins. The pectoral fins also help to main¬ 
tain stability in the vertical plane. The 
movable pectoral fins lift the head up¬ 
wards and this is compensated by the he- 
terocercal tail The hypochordal lobe is 
flexible and the epichordal part is rigid. 
The flexibility of the hypochordal lobe 
gives a vertical lift of the tail. The pelvic 
fins have no utility in locomotion and are 
usually help in reproductive function, spe¬ 
cially in males. 

COELOM 

In Scoliodon, the coelom is spacious and 
divided into a smaller pericardial cavity and 
an extensive abdominal cavily. These two 



Fig. 5.6. Dissection of a female Scoliodon to show 
the position of the internal organs (after Thillayam- 
palam). 


cavities are separated by the septum trans- 
versum and communicate with one another 
through pericardioperitoneal canal situated in 
the septum. The abdominal cavity con¬ 
tains the viscera (Fig. 5.f>) and opens to the 
exterior through a pair of abdominal pores. 
The pericardial coelom houses the heart. 

DIGESTIVE SYSTEM 

(The digestive system consists of the ali¬ 
mentary canal and the digestive glands.)(L' he 
alimentary canal starts with the mouth and 
terminates in an anus.) 

(The mouth leads into a spacious buccal 
cavity which is lined with mucous mem¬ 
brane) (The floor of the buccal cavity 
becomes folded to form a noninuscular 
and nongranular fc 'tongue , \)The mucous 
membrane is very thick and rough due 
to the presence of dermal denticles or 
teeth. ('The teeth are very sharp and are 
obliquely placed (See Fig. 5.2(1). The teeth 
are homodont (i.c., the teeth are similar in 
shape) and lyodont (possesses several sets of 
teeth functioning in succession). 

£ The buccal cavity leads into pharynx. On 
either side of the pharynx there lie theinter- 
nal openings of the spiracles and five bran¬ 
chial clefts. The mucous membrane of the 
pharyngeal wall contains numerous dermal 
dentides(The pharynx leads into a narrow 
oesophagus. yi'hv inner mucous membrane 
of the pharynx is raised to form longitudi¬ 
nal folds.) 

JThc oesophagus dilates posteriorly "kf 
form a large stomach^Yhr. stomach is highly 
muscular and is bent on itself to form aJ- # 
shaped configuration^fFhe long limb of the 
stomach is continuous with the oesophagus 
and the shorter one passes into the inteslinfy 
The entrance of the oesophagus into the 
stomach is provided with a crescentic fold 
which serves as the valve. The long anterior 
lirnb is called the cardiac stomach and the 
short posterior limb is designated as the 
pyloric stomach. A sinali outgrowth often 
railed the “blind sac” is present at the 
junction of the cardiac and pyloric limbs. 
The inner lining of the cardiac stomach is 
folded longitudinally like that of oesopha¬ 
gus (Fig. 5.7A). The internal lining of the 
pyloric stomach is mostly smooth though 
slight foldings are observed at the distal 
end. The pyloric vafve, at the end of the 
pylorus, guards the entrance of it into a 
thick-walled small chamber called the bursa 
entiana. The bursa entiana is immediately 
followed by wide tubular intestine which 
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becomes narrowed posteriorly as the rectum. 
The rectum opens into the cloaca. A tubu¬ 
lar caecal or rectal or digitiform gland opens 
into the reclurn. 

The inner surface of the intestine be¬ 
comes folded to form an anticlockwise spi¬ 
ral of approximately two and a half turns. 
This is called the scroll valve (Tig. 5.7B) 


which increases the absorptive surface of 
the intestine and also checks the rapid flow 
of digested food through the intestine. 

The major digestive gland is the liver 
which is a massive yellowish gland and con¬ 
sists of two lobes. The lobes are united an¬ 
teriorly. A thin- 1 walled V-shaped gall bladder 
is present in the anterior part of the right 
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lobe of liver. The bile duct receives few 
smaller ducts from the two lobes of the liver 
and opens into the anterior end of intestine 
near the commencement of the scroll valve. 
The pancreas is a pale compact irregular 
body and consists of a dorsal lobe situated 
parallel to the posterior part of cardiac 
stomach and a ventral lobe which remains 
closely attached to the pyloric stomach. 
The pancreatic juice is poured into the in¬ 
testine by pancreatic duct situated opposite to 
the aperture of the bile duct. 

The functional significance of rectal gland 
is not properly known. The rectal gland 
has a central cavity lined with cuboidal 
cells. It is highly vascular and composed of 
lymphoid tissue. It discharges a fluid into 
the lumen of the intestine but its actual 
role is not known. The buccal cavity pos¬ 
sesses no such glands which can be com¬ 
pared with the salivary glands of higher 
vertebrates. The spleen is located dorsal to 
the distal end of the body of the stomach. 
The spleen is functionally associated with 
the circulatory system, but; remains mor¬ 
phologically connected with the alimentary 
canal. 

RI'jSPIKATORY SYSTEM 

The respiratory organs are the gills which 
are borne in the gill pouches. The struc¬ 
ture of gill pouches differs in different dog¬ 
fishes. Fig. 5.8B shows the organisation of 
gill pouch of Brachaelurus , a related genus of 
Scoliodon. There arc five pairs of gill pou¬ 
ches, each of which communicates with the 
pharyngeal cavity by a large internal bran¬ 
chial aperture and opens to the outside by 
exterior gill slits /Fig. 5.8A). 

The mucous membrane lining the gill 
pouches gives a series of horizontal bran¬ 
chial lamellae. 'I'he branchial lamellae are 
highly vascularised structures. Each gill 
pouch has an anterior set of branchial 
lamellae and a posterior set of branchial 
lamellae. The gill pouches are separated by 
interbranchial septum which projects be¬ 
yond the branchial lamellaeVFig. 5.8G). 
The pharyngeal end of each interbranchial 
septum is supported by a visceral arch. 
Each arch supports the anterior set of 
lamellae of one gill pouch behind and the 
posterior set of lamellae of the next gill 
pouch./Fhe first gill pouch lies between the 
hyoid and the first branchial arches and 
the last one is present between the fourth 
and fifth branchial arches. 

There are two types of gills: (i) Ilolo- 


branch or complete gill when a branchial 
arch bears two sets of gill lamellae and (/*) 
Dmibranch or hemibranch or half gill when 
single set of gill lamellae is present. The 
hyoid arch supports only a demihranch and 
the first lour branchial arches support holo- 
branchs. The last branchial arch is gillless. 

During respiration the floor of the buccal 
cavity is lowered and the inoulh*is opened. 


pharynx 
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lug. 0.8. Respiratory sit uclurcs of dogfish. A. Dis¬ 
section of the head showing the position of the gill 
apparatus of Scoliodon. K. Structure of a giII-pouch of 
Brachaelurus. C. Diagrammatic sectional view of a 
holobranch of Scoliodon. 

Then the water rushes in to fill the greatly 
expanded buccal cavity. The mouth is now 
dosed and the pharynx contracts. The 
water then enters the gill pouches and goes 
out after gaseous exchange .through gill 
slits. The spiracles are occasionally used as 
the accessory pathways for the entry of 
water for respiration instead of mouth 
when it is otherwise occupiajL 
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CIRCULATORY SYSTEM 

The circulatory system comprises of (a) 
the circulatory fluid called the blood, ( b ) 
the heart, (c) the arteries and (d) the veins. 

blood. The blood consists of a colourless 
plasma and corpuscles suspended in the 
plasma. Two kinds of corpuscles are en¬ 
countered; the R.B.C. (or erythrocytes) and 
the W.B.G. (or leucocytes). Erythrocytes are 
oval bodies containing a nucleus. The hae¬ 
moglobin is present in the erythrocytes. 
The leucocytes are amoeboid in structure. 

heart. The heart is a bent muscular 
tube and consists of the receiving parts, 
comprising of a sinus venosus and a dorsally 
placed auricle and the forwarding parts, 
consisting of a ventricle and a conus arteriosus 
(Fig. 5.9A). The heart is enclosed within 


sinu-auricular aperture which is guarded by 
a pair of valves. The auricle is a large, tri¬ 
angular and thin-walled chamber situated 
dorsal to the ventricle but in front of the 
sinus venosus. The auricle communicates 
with the ventricle through a slit-like auri- 
culo-ventricular aperture guarded by two 
lipped valves. The receiving chambers, the 
sinus venosus and the auricle receive the 
venous blood from all parts of the body. 

Forwarding parts of the heart. The ventricle 
has a very thick muscular wall, the inner 
surface gives many muscular strands, thus 
giving it a spongy texture (Fig. 5.9B). It is 
an oval chamber and constitutes the most 
prominent part of the heart. The conus 
arteriosus is a stout median muscular tube 
arising from the ventricle. The lumen of the 



fig. j.9. Heart of Scatiodon. A. An intact heart showing the position of different chamheis. 
B. Diagrammatic longitudinal sectional view of the heart (after Thillayampalam). 


the pericardium. The dorsal part of the peri¬ 
cardium is supported by the basibranchial 
cartilage. The heart is situated on the ven¬ 
tral side of the body between two series of 
gill pouches. 

Receiving parts of the heart. The sinus veno¬ 
sus is a thin-walled tubular chamber. The 
sinus venosus is highly contractile and the 
beating of the heart originates from this 
part of the heart. T wo great veins, the 
ductus Cuvieri , open into the sinus venosus , 
one on each lateral side. Two hepatic sinuses 
enter the sinus veposus posteriorly. The 
sinus venosus opens into the auricle by 


conus arteriosus is provided with two trans¬ 
verse rows of semiluna r valves. To keep the 
valves in position the free ends of the valves 
are attached to the ventricular wall by 
fine tendinous threads called the chordae 
tendinae. The conus arteriosus is continued 
forward as the ventral aorta. 

The function of heart is to receive the 
deoxygenated blood from all parts of the 
body and to pump it for aeration to the 
gills. Such a type of heart is designated as 
the venous or branchial heart, because 
only deoxygenated blood circulates through 
its different parts. 



PHYLUM CHORDATA—FISHES 


95 


ARTERIAL SYSTEM 

The arterial system of Scoliodon is divid¬ 
ed into two distinct categories of arteries. 
These are: (1) the afferent branchial ar¬ 
teries arising from the ventral aorta which 
bring deoxygenated blood to the gills for 
oxygenation and (2) the efferent bran¬ 
chial arteries originating from the gills 
convey oxygenated blood to the different 
parts of the body (Fig. 5.10). 


the first and second afferent branchial arteries. 
The third, fourth and fifth afferent arteries 
arise from the ventral aorta. Each afferent 
branchial artery arises from the ventral 
aorta by independent opening except the 
anteriormost pairs which arise by a com¬ 
mon opening. 

Efferent Branchial Arteruw. The afferent 
branchial arteries break up into capillaries 
in the gills. From the gills the blood is col- 
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Fig. 5.10. Disposition of ihc afferent and efferent branchial arteries and their brandies 
in Scoliodon (after Thillayarnpalam). 


Afferent Branchial Arteries. The ventral aorta 
is situated on the ventral surface of the 
pharynx' and extends upto the posterior 
border of the hyoid arch. The ventral aort a 
divides into two branches called the inno¬ 
minate arteries which again bifurcates into 


looted by efferent branchial arteries. T here are 
nine pairs of efferent branchial arteries and 
these are equally distributed on each side. 
The first eighth arteries form a series of four 
complete loops around the first four gill 
slits and the ninth efferent branchial artery 
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collects blood from the demibranch of the 
fifth gill pouch and from where blood is 
poured into the fourth loop. In addition to 
short longitudinal connectives connecting the 
four loops, these arc further connected with 
each other by a network of longitudinal 
commissural vessels called the lateral hypo- 
branchial chain. From each efferent bran¬ 
chial loop arises an epibranchial artery. The 
four pairs of cpibranchials join in the mid- 
dorsal line to form the dorsal aorta. The 
ninth efferent branchial artery has no epi¬ 
branchial branch but joins with the eighth 
efferent branchiai artery. 

Anterior arteries. The head region gets the 
blood supply from the first efferent bran¬ 
chial artery and partly from the proximal 
end of the dorsal aorta. Arteries from the 
first efferent branchial {hyoidean efferent) arc: 
(a) the external carotid , (b) the afferent sfma¬ 
cular and (c) the hyoidean epibranchial which 
in turn receives a branch from dorsal aorta. 
The external carotid artery originates from 
the first collector loop and divides into a 
ventral mandibular artery giving branches to 
the muscles of the lower jaw and a superficial 
hyoid artery which supplies the second ven¬ 
tral constrictor muscle, the skin and the 
subcutaneous tissue beneath the hyoid 
arch. The afferent spiraeular artery after 
originating from the middle of the hyoidean 
efferent, proceeds forward as the spiraeular 
epibranchial artery and enters the cranial 
cavity. Just before its entry into the cranial 
cavity it: sends a great ophthalmic artery to the 
eye bail. Immediately after the entry to 
the cranium it joins with a branch from 
,the internal carotid to form the cerebral 
artery. The cerebral artery immediately di¬ 
vides into an anterior and a posterior cerebral 
arteries which supply the brain. The hyoide¬ 
an epibranchial artery runs forward and in¬ 
ward to the posterior border of the orbit 
and gets an anterior branch from the dor¬ 
sal aorta. It divides immediately into: (a) 
the stapedial artery which gives off the in¬ 
ferior orbital artery and runs forward as the 
superior orbital artery supplying the six eye 
muscles and the superficial tissue above 
the auditory capsule. The superior orbital 
artery gives a large buccal artery which runs 
as the maxillonasal artery. The maxillonasal 
gives several arteries to the muscles of the 
upper jaw, the olfactory sac and the ros¬ 
trum' (b) the internal carotid artery passes in¬ 
ward and enters the cranium where it bi¬ 
furcates into two branches. One of the 
branches unites with its fellow from the 


opposite side and the other branch unites 
with the stapedial. 

Dorsal aorta and its branches. The dorsal 
aorta is formed by the union of epibran- 
chial arteries. It runs posteriorly and is 
situated ventral to the vertebral column. It 
is continued up to the tip of the tail as the 
caudal artery. Along the anteroposterior 
direction the following arteries have their 
origin from the dorsal aorta: (1) Several 
buccal and vertebral arteries are given off 
anteriorly. (2) A pair of small subclavian 
arteries arises near to the origin of the fourth 
epibranchial arteries. The subclavian ar¬ 
tery gets the epicoracoid artery on its way 
and divides into: (i) a brachial artery to the 
pectoral girdle and pectoral fin, (ii) an 
anterior lateral artery to the body muscula¬ 
ture and (iii) a dorsolateral artery to the dor¬ 
sal musculature. (3) A large coeliacomesen- 
leric artery arises just behind I he origin of 
fourth epibranchial artery. It divides into 
a smaller coeliac artery and a larger anterior 
mesenteric artery. (4) A lienogas trie artery ori¬ 
ginates posterior to the coeliacomesentcrie 
artery and gives, off (i) an ovarian (in fe¬ 
male) or spermatic artery (in male) to gonad, 
(//') a posterior intestinal artery to the pos¬ 
terior part of intestine, {iii) a posterior gastric 
to the posterior part of cardiac, stomach 
and (w») a splenic artery to the spleen. (5) 
Series of paired parietal arteries emerge 
out behind the subclavian artery. Each 
parietal gives a dorsal parietal artery and a 
ventral parietal artery. The dorsal parietal 
artery supplies the dorsolateral muscula¬ 
ture, the vertebral column, I he spinal cord 
and the dorsal fin. The ventral parietal 
artery supplies the ventral muscles and the' 
peritoneum. The ventral parietal gives 
renal branches to the kidneys. (6) A pair of 
iliac arteries extends to the pelvic fin as the 
femoral arteries. 

Hypo branchial chain. A lateral hypvbran- 
chial chain is formed by a network of 
slender arteries arising from the ventral 
ends of the loop of the efferent branchial 
arteries. Four commissural vessels arises from 
the lateral hypobranchial chain which on 
the ventral wall of the ventral aorta unite 
t.jn form a pair of median hypobranchials w hich 
communicate with one another by trans¬ 
verse vessels. Posteriorly the median hypo¬ 
branchials unite to form a median coracoid 
artery which gives rise to the coronary artery 
and a pericardial artery . The pericardial 
artery gives off' the common epicoracoid 
artery which in turn divides into left and 
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right epicoracoid arteries each joining one 
subclavian artery. 

VENOUS SYSTEM 

The dcoxygenated blood from the diff¬ 
erent parts of the body is returned to the 
heart by veins which form irregular blood 
sinuses throughout their courses (Fig. 5.11). 
The existence of extensive blood sinuses is 
a characteristic feature of the venous sys¬ 
tem of Scoliodon. 


anterior cardinal inferior jugular sinus conus 



heads: 

, (A) cardinal system. The blood from 

the anterior, region of the body is returned 
to the heart by paired jugulai and anterior 
cardinal sinuses. The blood from the poste¬ 
rior region is collected by a pair of poste¬ 
rior cardinal sinuses. The anterior and pos¬ 
terior cardinals unite on each side to form 

r a transverse sinus called the ductus Cuvieri. 


(1) Anterior cardinal system. This system of 
veins return blood from the head region 
and consists of a pair of internal jugular veins. 
Each internal jugular vein is composed of 
the olfactory sinus , the orbital sinus , the post- 
orbital sinus and the anterior cardinal sinus. 
The blood from the rostral region is drain¬ 
ed by the anterior facial vein to ih« olfactory 
sinus and from there to the orbital sinus. 
The orbital sinus opens into the anterior 
cardinal sinus through the postorbital sinus. 
The anterior cardinal sinus enters the 
ductus Cuvieri. The anterior cardinal sinus 
receives the hyoidcan sinus and five dorsal 
nutrient branchial sinuses from the gills. (2) 
Posterior cardinal system. The caudal vein col¬ 
lects blood from the tail region and pro¬ 
ceeds forward through haemal canal. In 
the abdominal cavity, the caudal vein divi¬ 
des into lift and right renal portal veins which 
break up into sinusoid capillaries in the 
substance of the kidney. Throughout its 
length, the renal portal vein receives small 
parietal veins. The renal veins collect blood 
from the kidney and unite to form the 
posterior cardinal sinuses. Two posterior car¬ 
dinal sinuses open into the ductifs Cuvieri. 

(B) HEPATIC PORTAL SYSTEM. A large 
number of small veins carrying blood from 
the alimentary canal and its associated 
glands unite to form the hepatic portal vein. 
The hepatic portal vein receives the lie no¬ 
gas trie vein and anterior and posterior gastric 
veins. Actually the hepatic portal vein is 
formed by the confluence of the anterior and 
posterior intestinal veins. The hepatic portal 
vein breaks up into capillaries in the liver. 
From the liver the blood is collected by 
another set of capillaries which unite to 
form two large hepatic sinuses opening into 
the sinus venosus. 

(C) cutaneous system. This system con¬ 
sists of a dorsal, a ventral arid two paired 
lateral cutaneous veins. The inferior lateral 
cutaneous vein joins with the lateral cuta¬ 
neous vein near the anterior end of the 
pectoral fin. Each lateral cutaneous vein 
ultimately opens into the brachial vein. 

(D) ventral system. This system com¬ 
prises of two sets of veins — the anterior 
ventral veins pouring blood to the ductus 
Cuvieri through inferior jugular sinuses and 
the posterior veins which discharge through 
the subclavian vein. 'Each inferior jugu¬ 
lar sinus is formed by the union of the 
submental sinus from the lower jaw, the 
hyoidean sinus and the ventral nutrients from 
the gills. Each inferior jugular vein opens to 
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the ductus Cuvieri. The subclavian vein also 
opens to each side of the ductus Cuvieri. 

Two large lateral abdominal veins are form¬ 
ed by a small caudal vein and two iliac veins. 
The lateral abdominal veins are connected 
posteriorly by a commissural vein . Anteriorly 
the lateral abdominal vein joins the bra¬ 
chial vein to form the subclavian vein 
which in turn opens to the ductus Cuvieri. 

NERVOUS SYSTEM 

The nervous system of Scoliodon com¬ 
prises of (t) the central nervous system, 
(ii ) the peripheral nervous system and 
(i«) the autonomous nervous system. 

Central nervous system. The central 
nervous system includes the brain and the 
spinal cord. 

Brain. The brain is highly organised and 


is composed of many bundles of nerve 
fibres. The surface of the cerebrum is 
smooth and the walls are thick. A small 
opening called the neuropore is present on 
the midventral surface of the cerebrum. 
The posterior part of forebrain (dience- 
phalon) is very short. The roof of the dien¬ 
cephalon is thin, nonnervous and contains 
the anterior choroid plexus. The lateral walls of 
the diencephalon form two thickened bod¬ 
ies called the thalami. A long and slender 
tube, the pineal organ or epiphysis cerebri pro¬ 
jects from the roof of the dicncephalon up- 
to the membrane covering the anterior 
frontanella. The floor of the diencephalon 
• (or hypothalamus) is well-foimed. A hollow 
infundibulum is given off from the floor of 
the dicncephalon. The infundibulum is 
dilated to form two oval thick-walled bod- 
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Jig. 5.12. Brain of .Scoliodon. A. Dorsal view. B. Ventral view. (.'. Diagrammatic: longitudinal 
section. Note the position of the. ventricles. 


I shows many advancements over that of the 
agnathans. The brain is divided into three, 
primary parts: (a) the forebrain or the 
prosencephalon, (b) the midbrain or mesen¬ 
cephalon and (c) the hindbrain or the 
rhombencephalon. The forebrain consists of 
a massive undivided cerebral hemisphere. 
The cerebral hemisphere is relatively lar¬ 
ger than that of other fishes. From the 
anterior end of cerebral hemisphere arise 
two stout olfactory peduncles , each termi¬ 
nates into a large bilobed olfactory lobe 
(Fig. 5.12). The olfactory lobes lie close to 
the olfactory capsules. Each olfactory nerve 


ies called the lobi infer lores whose distal 
ends are produced into two thin-walled 
glandular sacs called ihc sacci vasculosi. T he 
hypophysis is attached to the infundibulum. 
The optic chiasma lies in front of the infun¬ 
dibulum. The optic chiasma is formed by 
the decussation of the nerve fibres of the 
two optic nerves (Fig. 5.12B). 

The midbrain is large and comprises of 
two round optic lobes. The optic lobes arc 
situated behind the dienccphalon.- The 
floor and the side walls are relatively 
thicker. 

The hindbrain consists of a highly 
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developed cerebellum and a medulla oblongata . 
The dorsal surface of the cerebellum pro¬ 
duces many irregular convolutions. The 
cerebellum contains a small cavity. The 
cerebellum is divided into three lobes by 
two well-marked transverse furrows. The 
medulla oblongata is triangular and the 
anterior end gives a pair of hollow cor¬ 
pora mtiformia with trace of convolutions 
in adult. Two corpora rcstiformia are 
connected by transverse nerve band. The 
roof of the medulla oblongata is nonner- 
vous and bears the posterior choroid plexus. 

The ventricles of the brain is moderately 
developed (Fig. 5.12(1). The cerebral 
hemispheres contain narrow lateral ven¬ 
tricles. The third ventricle is extended for- 
waid about half the length of the cerebral 
hemispheres. The door of the fourth ventricle 
is very much thickened. The fourth ventri¬ 
cle is large and extends dorsally into the ce¬ 
rebellum and is continuous behind with the 
cavil) of the spinal cord. The iter (i.e., the 
communicating duct between the third and 
the fourth ventricles) is wider. Although the 
cerebrum is undivided, there are two lateral 
ventricles which are continued to the rhino- 
cods (cavity of the olfactory lobes'). 


peripheral nervous system. The peri¬ 
pheral nervous system comprises of the 
cranial nerves and spinal nerves. 

CRANIAL NERVES 

There are ten pairs of cranial nerves in 
all the fishes. An extra pair of anterior ter¬ 
minal nerves is present in Scolibdon. The 
first pair of cranial nerves is the olfactory 
nerves which originate from the olfactory 
lobes and innervate the olfactory sacs. Bet¬ 
ween the two olfactory lobes, t here are two 
small nerves called the terminal or preolfac¬ 
tory nerves. These nerves emerge from the 
telencephalon and bear a ganglion called 
the ganglion terminak near the origin. These 
nerves supply the nasal septum and the ex¬ 
ternal nostril. The second-pair of cranial 
nerves is the optic nerves which, after the ori¬ 
gin from the optic thalami, form the optic 
chiasma and supply the eyes? The third 
cranial nerve is called the oculomotor nerve 
which originates from the ventral surface of 
the mesencephalon and supplies the ante¬ 
rior, superior and inferior rectus and the 
inferior oblique muscles of each eye-ball. 

'The fourth cranial nerve is called the 
trochlear or pathetic nerve which arises from 



Fig. f>.I3. Schematic view of the origin and distribution of cranial and xpinsil nerves ol Scolmfou 


(after Thillayn 

Spinal cord. The spinal cord in Scoliodon 
shows definite advancement towards the 
plan of higher vertebrates. The gray matter 
is arranged into the dorsal and the ventral 
horn r . The dorsal horns are united to form 
a single broad region, as a result the gray 
i fiat ter assumes a shape of an inverted 

T\ 


impalarn). 

the dorsolateral surface of the midbrain 
and supplies the superior oblique eye- 
muscle. The fifth cranial nei ve is the trige¬ 
minal which has three* branches, (1) ophth¬ 
almicus superficiahs which supplies the skin 
of the snout; (2) the maxillaris which is 
divided into the maxillaris superior supplying 
nerves to the skin of the upper jaw and 
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maxillaris inferior innervating the posterior 
part of the upper jaw; (3) the mandibularis 
innervating the muscles of the lower jaw. 
Another nerve called the ophthalmicus pro¬ 
fundus becomes secondarily associated with 
the trigeminal to supply nerves to the eye¬ 
ball and the dorsal surface of the snout 
(Fig. 5.13). The sixth cranial nerve is the 
abducen which supplies the posterior rectus 
muscle of the eye-ball. The seventh cranial 
nerve is known as the facial which divides 

into two branches.(1) the ophthalmicus 

superficialis branch like that of the fifth cra¬ 
nial nerve and (2) a bundle of mixed nerves 
which subdivides into three routes: (a) a 
ramus buccalis innervating the infraorbital 
canal of the snout, (b) a ramus hyomandibu- 
laris supplying nerves to the lower jaw and 
the throat and (r) a ramus palatinus giving 
nerve supply to the roof of the buccal cavi- 


nerves supply branches to the pharynx, 
pharyngeal muscles and the mucous mem¬ 
brane surrounding the first gill-slit. The 
tenth cranial nerve is the vagus which arises 
by multiple roots and gives off many 
branches. The branches are: (1) the 
branchial nerves supplying the gills, (ii) the 
visceral nerves supplying the viscera includ¬ 
ing heart, lungs, liver, etc., and (iii) the 
lateralis supplying the lateral line sense 
organs and gives numerous branches along 
its course. 

SPINAL NERVES 

The spinal nerves arise from the spinal 
cord. Each has one dorsal and a ventral root. 
The dorsal root bears a ganglionic swell¬ 
ing. After emerging out of the vertebral 
column, the dorsal and the ventral roots 
unite to form a common mixed nerve. Each 



Fig. *).H. Sense organs of Scoliorhn. A. Internal ear. B. Olfactory sac (dissected to show the 
inner nasal flaps). G. An ampulla of Lorenzini. D. Sectional view of an ampullary sac. 


ty and the pharynx. The eighth cranial 
nerve is called the auduory which gives 
the vestibular and saccular branches to the 
internal ear. 

The ninth cranial nerve is the glosso¬ 
pharyngeal which, in the region of the first 
gill-cleft, divides into a small pretrematic 
nerve and a large posttrematic nerve. These 


spinal nerve gives three branches such as, 
(a) ramus dorsalis , (b) ramus ventralis and (c) 
ramus communicans to join with the autono¬ 
mous nervous system. 

AUTONOMOUS NERVOUS SYSTEM 

This system is made up of a series of 
paired ganglia arranged irregularly on the 
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dorsal wall of the kidney and the posterior 
cardinal sinuses. The gastric ganglion is 
the largest ganglion and sends nerves to 
the viscera. There is usually one ganglion 
in each segment. In Scoliodon the succes¬ 
sive ganglia have no distinct continuous 
chain. 


SENSE ORGANS 

The nervous system is associated with 
highly developed sense organs, viz. eyes, 
nose, car and many others (Fig. 5.14), 

eyes. The eyes are built on the principle 
of a photographic camera. The eye-ball is 
composed of three layers, the sclera , choroid 
and retina. The sclera is cartilaginous. 
The pupil is a vertical slit and can not be 


superior ophthalmic nerve 


inferior oblique 
ciliary nerves 

superior 
oblique 



maxillary nerve of 
fifth cranial nerve 

glossopharyngeal auditory nerve 

nerve J 

vagus nerve 

Fig. .15. Orbit o (Scoliodon. Note the relation¬ 
ship of the eye with the brain, muscles, nerves 
(alter Young.) 


cerebellum 


dilated or contracted. The retinal layer 
lacks the cones and is c omposed exclusively 
of rods. A large number of guanine plates 
is present on the inner surface of the cho¬ 
roid layer which is called the iapetum luci - 
dum. It acts as the reflector. The crystalline 
lens i« spherical. The eyes are placed in the 
orbit and are kept in position by six mus¬ 
cles (Fig. 5.15) arranged in two groups and 
a cartilaginous optic stalk . 


The eyes of Scoliodon are quite promi¬ 
nent and are proportionately larger in size. 
Eyes are laterally placed and each has its 
own range of vision, i.e., Scoliodon has mo¬ 
nocular vision. Scoliodon is colour blind. 

olfactory organs. There are two blind 
sac-like olfactory organs situated in front 
of the mouth. Each olfactory salt; is placed 
in a cartilaginous capsule and does not 
communicate with the buccal cavity. The 
mucous membrane of the olfactory sac is 
thrown into tw'o series of folds called ihe 
Schneiderian folds which are placed by the 
median raphe (See Fig. 5.14B). The Schnei¬ 
derian (olds are composed of olfactory sense 
cells and supporting cells. The olfactory 
sense organs are greatly developed in 
Scoliodon. Physiologically each nasal open¬ 
ing is divided by three muscular nasal 
valves into a median excurrent siphon and a 
lateral incurrent siphon . 

internal ear. The internal ear or the 
membranous labyrinth of Scoliodon is a 
closed ectodermal sac. It consists of three 
semicircular canals and a central body 
differentiated into an anterior utriculus and 
a ventral sacculus (See Fig. 5.I4A). The 
three semicircular canals are arranged in 
three planes of the body and open into 
the central body by both ends. But one end 
of each canal dilates to form ampulla. The 
utriculus gives off an invagination called 
the recessus ulriculi beneath' the ampullae of 
the anterior vertical and horizontal semi¬ 
circular canals. The sacculus gives a 
posterior outgrowth called the lagetia. 
The membranous labyrinth is placed in a 
cartilaginous auditory capsule. The inner 
cavity is filled with a fluid called the endo- 
lyrnph into which many calcareous bodies 
( otoliths) are present. The space between 
the membranous labyrinth and the audi¬ 
tory capsule is filled with the perilymph. A 
long tube called the endolymphatic duct com¬ 
municates the cavity of sacculus to the ex¬ 
terior through a small opening. The mem¬ 
branous labyrinth of Scoliodon performs 
three functions: (1) It helps in orientation 
in relation to gravity, (2) it accelerates in 
changing the direction during swimming 
and (3) it helps in hearing. The utriculus 
together with the semicircular canals are 
responsible for the orientati'on and acce¬ 
leration, while the sacculus is meant for 
hearing. 

netjromast organs. These organs com¬ 
prise of (i) the lateral line receptors and (») 
pit organs. The lateral line sense organs lie 
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inside the lateral line canal. These sense 
organs are epidermal derivatives and are 
called the neuromasts which remain em¬ 
bedded in the wall of the lateral line canal. 
This canal communicates to the exterior 
by minute pores. The pit organs occur on 
the lateral and dorsal sides of the head. 
They are* ectodemial pits connected by 
groups, of sense cells. The neuromast or¬ 
gans help to orient the body in relation 
to currents and waves and are designated 
as the rheortceplors. 

ampullae of lorenzini. Enumerable 
pores on the dorsal and the ventral sides of 
the head lead into a long tube which ter¬ 
minates into radially arranged ampullary 
sacs (See Fig. 5.14C). The ampullae lie in 
clusters and cadi of these consists of eight 
or nine chambers arranged radially around 
a central core called the centrum (See Fig. 
5.14D). Two types of cells are encountered 
in the ampullae —glandular cells and the 
sensory cells. The ampullae get the names 
according to their location. These sense 
organs are the thermoreceptors and are 
also the pressure receptors. 

* 

URINOCJKNTTAL SYSTEM 

( r The excretory organ consists of a pair of 
ongated kidneys.\ The functional adult 
kidneys are called the opislhonephros type 
according to Graham Kerr. (The anterior 
portion of the kidney is nonfunctional and 
the posterior portion becomes greatly deve¬ 
loped )(Fhe kidneys are composed of coiled 
t glandular uriniferous tubules or nephrons ') 
Each tubule consists of a double-walled 
cup (or Bowman’s capsule) enclosing glo¬ 
merulus and a much coiled renal tubule. A 
few renal tubules open into a common col¬ 
lecting tubule. The kidney tubules have 
the peculiar property of reabsorbing the 
urea. The collecting tubules of the anterior 
nonrenal portion of the kidney open to the 
Wolffian duct and the posterior tubules 
open into the ureter which in turn opens 
into the urinogcnital sinus. The mesone¬ 
phric duct divides into two. The dorsal one 
is named as the Wolffian duct and the ven¬ 
tral one is the Mullerian duct. The Wolf¬ 
fian duct in male, becomes the vas deferens 
which is connected with the vasa efierentia 
from the testis. The Mullerian duct be¬ 
comes the oviduct in female. 

The kidneys are extremely elongated 
structures extending from the root of the 
liver to the cloacal region. The posterior 


portion is designated as the kidney proper 
and becomes greatly developed. The ante¬ 
rior portion becomes narrower and takes 
part in conveying the genital products. 
This part is designated as the organ of 
Leydig or epididymis. 

Male reproductive system. The testes are 
paired elongated organs (Fig. 5.16A). 
Each testis is attached to the dorsal 
body wall by peritoneal membrane called 
the mesorchium and posteriorly attached by 
ordinary tissue with the caecal gland. 
The sperm cells escape by vasa ejferentia into 
the vas deferens which becomes extremely 
coiled in the anterior portion of the kidney. 
Posteriorly the vas deferens becomes very 
much dilated to form the seminal vesicle. 
The seminal vesicles open into the urino- 
genital sinus which in turn opens into the 
cloaca. The wall of the urinogenital sinus 
becomes evaginated to form a sperm sac. A 
pair of sacs designated as the siphons is 
present. The siphons are located under the 
skin on the ventral aspect of the body. Pos¬ 
terior to the sacs these are continued as the 
siphon-tubes which open to the groove of the 
clasper of the respective sides (Fig. 5.16C). 
The siphons are not connected with the 
geniial system. T hey contain sea water and 
help in the expulsion of the sperms through 
the cl asper-grooves. 

Female reproductive system. In female there 
is no connection between the kidneys and 
the genital "organs. Kidneys are typical 
excepting that the ureters unite posteriorly 
and open by a single urinary aperture into 
the urinary sinus. 

Ovaries are two in number and are kept 
in position by peritoneal folds called the 
mesovarium. The shape, size and colour of 
the ovaries vary greatly according to the 
age of the individual. A pair of epigonial 
organs is present between the ovary and the 
rectal gland. The oviducts arc very long 
tubes and are united both posteriorly and 
anteriorly (Fig. 5.16D). Posteriorly, two 
oviducts unite to form the vagina which 
opens into the cloaca. Anteriorly the ovi¬ 
ducts converge and open into the coclomic 
cavity by a longitudinal slit-like opening 
designated as the oviducal funnel. At the an- • 
terior portion of each oviduct there is a 
dilated shell gland which has but little signi¬ 
ficance in Scoliodon. As Scoliodon is vivi¬ 
parous the posterior portion of the oviduct 
becomes dilated to form the uterus for the 
development of the young. The number of 
embryos present jpside one uterus varies ' 
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Vig. . r ).16. Reproductive system of dog fish. A. Male reproductive system of Sculiodon. B. Egg 
capsule of Scylmhintts. (1. Sectional view of the claspers of Scoliodon, IX I'emalc reproductive 
system of Scoliodon. 


greatly in different species of Scoliodon, In 
S. sarrakowah about seven embryos have 
been observed. The mucous membrane of 
the uterus becomes divided into a number 
of compartments each of which houses an 
embryo. The number of compartment va¬ 
ries directly with the number of embryos. 

The eggs are large and heavily yolked. 
Each egg gets a coating of albumen during 
its transit down the oviduct. The egg, 
particularly in oviparous forms, is enclosed 
by horny shell which is oblong in shape. 
The angles of the shell are prolonged into 
four coiled elongated filamentous processes 
(Fig. 5.16B). This condition is not observed 
irf Scoliodon but is observed in case of ovi¬ 
parous sharks. * 


DEVELOPMENT 

Scoliodon is viviparous and gives birth 
to living youngs. Fertilization is internal. 
It is claimed that during copulation the 
claspers are introduced into the cloacal 
aperture of the female for the transmission 
of spermatozoa. The egg of Scoliodon is 
strongly tclolecithal. The cleavage is res¬ 
tricted to a small germinal disc which 
floats on the top of the yolk mass (Fig. 
5.17A). The cleavage is rneroblastic and 
the first cleavage plane is simply a furrow 
in the surface of the* germinal disc. The 
second cleavage occurs at right angle to 
the first one (Fig. 5.17B). After this stage, 
the cleavage plane is irregular. By this way 
of cleavage, a bias Iodise is separated from a 
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layer of periblast cells. The periblast cells 
from a syncitial layer over the yolk mass. 
A blaslocoel is formed between the blasto- 
disc and the central region of the periblast. 
With the expansion of the blastocoel the 
blastodisc becomes multilayered. The pos¬ 
terior region of the blastodisc grows faster 
than the other regions and is raised from 
the yolk mass to become a double-layered 
germ ring. This germ ring is raised pos¬ 
teriorly to form a blastopore (Fig. 5.17 
D). At this stage an upper layer ( epiblast ) 
and a lower hypoblast is separated. The 
blastocoel lies between the ectoderm epi¬ 
blast and the inner hypoblast (mesendo- 

- germinal area 




Fig. 5.17. Development of Scoliadon. A. First 
cleavage plane. B. Starting of gastrulation. C. Early 
neurula stage. D. Tail bud stage. E. Yolk sac pla¬ 
centa. Note the developing young gels the nourish¬ 
ment from the maternal blood (after Jollie). 


derm). The process of gastrulation actually 
starts with the formation of the dorsal lip 
of the blastopore. The endoderm is diff¬ 
erentiated by cellular proliferation from the 
underside of the hypoblast. The mesoderm 
produces a prechordal plate . 

As the embryo elongates along the an¬ 
teroposterior axis, a head fold is marked off 
from the blastodisc and becomes raised up 
to form the neural folds. The body of the 
embryo is constricted from the blastodisc 
and the tail fold is differentiated and ex¬ 
tended backward. Thq blastopore is sepa¬ 
rated into two (embryonic and vitelline 
blastopores) by the fusion of the edges of 
the yolk sac. The circulatory system ap¬ 
pears in the mesoderm in the form of blood 
islets which Unite to form vascular net¬ 
works. As the embryo grows, the mouth is 
formed from the stomodacal invagination 
and the anus is formed anew from the 
proctodaeal invagination because the em¬ 
bryonic blastopore becomes dosed. 

The developing embryo is provided with 
a tubular yolk stalk. This yolk stalk con¬ 
nects the intestine of the embryo with the 
yolk sac. The yolk sac contains yolk ma¬ 
terial which provides the nutrition for the 
developing embryo. When the yolk is fully 
exhausted the yolk sac becomes folded and 
becomes anchored with the uterine wall of 
the mother as the yolk-sac placenta. With 
the formation of placenta, the yolk stalk is 
lost and the” blood vessels of the yolk stalk 
form the placental cord. The placental cord 
connects the embryo with the yolk-sac 
placenta (Fig. 5.17E). The placental cord 
develops many finger-like processes called 
the appendicula. The distribution of the 
appendicula in the placental cord varies in 
different regions. The appendiculadielp in 
the absorption of nutrients secreted from 
the uterine wall of the mother. 

Example of bony fish -BHETKI 

The Bhetki (Lates calcarifer) is one of the 
typical representatives of the bony fish. 
The anatomical construction of the animal 
will give an idea about the biology of the 
class Osteichthyes. 

HABIT AND HABITAT 

The Bhetki usually inhabits the saline 
estuaries, although occasional presence in 
fresh water streams is also observed. This 
fish is carnivorous and devours small fry 
of the fishes and crustacean larvae. 
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EXTERNAL structures 
The body of Bhetki is spindle-shaped and 
perfectly streamlined. The body is laterally 
compressed and modified in such a fashion 
as to facilitate swift movement in water 
(Fig. 5.18). The body is covered by dermal 
scales which are arranged in an imbricate 
fashion like the tiles on a roof. Overlying 
the scales there is a soft and thin epidermis 
which produces profuse quantity of mucus. 
The scales are of ctenoid type, i.c., the free 
posterior edge of the scale is provided with 
pointed outgrowths called the denes. 


operculur bones. The free margin of the 
operculum is provided with a membra¬ 
nous Hap called the branchiostegal membrane. 
The operculum and the branchiostegal 
membrane are movable structures. Each 
gill chamber contains four comb-like gills. 
T he gill chamber opens to the exterior 
through an oblique slit bchinjl the oper¬ 
culum. 'The slit can be tightly closed with 
the body by branchiostegal membrane. 
This slit acts as the exit for the respiratory 
water current. 

A depression called the vent or anus is 



The body of Bhetki is distinctly divisible 
into head 9 trunk and tail. The head extends 
from the snout to the posterior end of 
operculum; the trunk covers the portion of 
the body from the posterior margin of the 
operculum and upto the anal opening; and 
the rest of the body behind the anal open¬ 
ing constitutes the post anal tail. 

The head bears one pair of eyes . T he eyes 
are situated one on each lateral side of the 
head. The eyes arc lidless and are covered 
by a transparent protective membrane. A 
pair of nostrils is present in front of the eyes. 
The nostrils are peculiar, because these do 
not communicate with the buccal cavity. 
Consequently the nostrils have no res¬ 
piratory role. The mouth is terminal in 
position and is comparatively wider. It is 
bounded with well-developed jaws bear¬ 
ing fine teeth. Besides the teeth on the 
jaws, there are also vomerine and palatine 
tce f h. The teeth are very small in size. 
The gill chamber is covered by a bony gill- 
cover called the operculum on each side of 
the head. The operculum is supported by 


located on the ventral border of the body 
just at the junction of the tail and the 
trunk. The vent gets the opening of the 
rectum in front, an urinary opening behind and 
two gonopores at the two sides. Ex tending** £ 
from the back of the operculum and upto 
the tail region there is a darker line on the 
lateral side of the body. This line is called 
the lateral line. The tail is supported by 
special muscles and acts as an eifieient oar 
for propelling in water. 

FINS 

The appendages of this fish are called 
the fins. The fins are the membranous in¬ 
tegumentary extensions of the body sup¬ 
ported by fin-rays. The fins help in 
steering, balancing and checking of speed 
during movement in water. Fins can be 
distinguished as (A) the unpaired fins and 
(B) the paired fins.* 

Unpaired fins. T he unpaired fins are 
median in position. These arc: (1) dorsal 
fins , (2) caudal fin and (3) ventral or anal fin. 
The dorsal fins are situated on the mid- 
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dorsal side of the body and are differentiat¬ 
ed into an anterior and a posterior part. 
The anterior part is supported by seven 
spinous rays; of which the third one is the 
longest. The posterior dorsal fin contains 
twelve rays, of which the first ray is spinous 
and the rest arc soft. The caudal fin as the 
name suggests, is situated at the tip of the 
tail and is fan-shaped. It is supported by 
ten to twenty rays. The ventral or anal fin 
is located at the ventral border of the tail 
near the vent and is supported by twelve 
fin rays. Of these twelve fin rays, the first 
three are spinous and the rest are soft. 

Paired Jins. The paired fins are located on 
the lateral side of the body and are homo¬ 
logous with the limbs of higher verte¬ 
brates. The paired fins arc: (1) Pectoral 
fins, situated one on each side of the body 
behind the operculum. Each pectoral fin 
is provided with fourteen bony fin rays. 
(2) Pelvic Jins are located on the ventral 
side of body below and posterior to the 
pectoral fins. Each pelvic fin bears five 
rays, of which the front one js a spinous 
rod and the rest are bony rays. 

MUSCULAR SYSTEM 

The tail arid the trunk are provided with 
well-developed V-shaped muscular blocks 
called the myotonies which help the fish to 
swim in water. 

SKELETAL STRUCTURES 

The scales and the fin rays constitute the 
exoskeletal structures of the body. The 
cndoskeleton is mostly bon) and consists of 
the axial and appendicular portions. 

Axial skeleton. The axial skeleton is 
composed of the skull and the vertebral 
column. The skull is a very compli¬ 
cated anatomical .structure. It consists of 
the cranium, the paired sense capsules, the 
jaws , the hyoid and branchial arches. The skull 
is immovably fixed with the vertebral 
column. The roof of the skull is composed 
otfrontals and parietals. The posterior por¬ 
tion of the skull is made up of a basioccipital 
with single occipital condyle , a supraoccipital 
and two exoccipitals situated on the lateral 
side of the foramen magnum. A small Y-¬ 
shaped basisphenoid is present in front of the 
basioccipital. A big alisphenoid is present on 
each side of the basisphenoid. A pair of 
bones called orbitosphenoids is also present 
in front of basioccipital. 

A ring* of scalc-like bones‘surrounds the 
orbits that house the eves. The anterior 


part of the orbit is called the lacrymal. The 
roof of the nasal capsule is formed of nasals 
which overlap the ethmoid bone and the 
floor is made up of vomers . The otic capsule 
is composed of epiotic , prootic, pterotic and 
sphenotic bones. The otic capsule accommo¬ 
dates the ear. 

Jaws. The upper jaw consists of two series 
of bones. The outer scries is formed of the 
membranous bones and the inner series is 
made of cartilaginous bones. The outer 
series is composed of premaxilla , maxilla 
with teeth and jugal on each side. The jugal 
is attached to the posterior side of the 
maxilla. The inner series is composed of a 
tooth-bearing palatine, a pterygoid and a 
quadrate articulating with the lower jaw. 
The lower jaw is made up of MeckeVs carti¬ 
lage. Three membranous bones, a tooth- 
bearing dentary, an articular articulating 
with the quadrate and a small angular sur¬ 
round the Meckel’s cartilage. 

Visceral arches. The visceral arches con¬ 
sist of seven pairs of rod-like structures. The 
arches remain cartilaginous in early life 
and become subsequently ossified. These 
support the jaw s, tongue and the gills. The 
first arch is called the mandibular arch 
which is composed of two portions on each 
side, the palatoquadrate forming the inner 
series of the upper jaw and the MeckeVs 
cartilage that forms the lower jaw. The 
second arch is called the hyoid arch that 
supports the tongue and the operculum. 
Each arch is composed of an anteriorly 
placed hyomandibular and a posterior sym- 
plectic bone. Several cartilaginous pieces 
He ventral to hyomandibular and the 
symplectic bones. These are: epihyal, inter- 
hyaL ceratohyal and basihyal. These bones 
support the tongue and the floor of bucco- 
pharynx. Certain bones supporting the 
operculum and branchioslegal membrane 
become secondarily connected with the 
hyoid arch. The rest of the visceral arches 
are the branchial arches which support the 
gills. The last branchial arch is devoid of 
gill. 

Vertebral column. The vertebral column 
is composed of a large number of vertebrae. 
(Fig. 5.19). The vertebrae are of amphicoe- 
lous type, i.e., the centrum is concave on 
both the ends. The vertebrae can be diff¬ 
erentiated broadly into the precaudal and 
the caudal types. 

Structure of a typical precaudal vertebra. A 
typical precaudal vertebra bears a spool¬ 
like amphicoelous centrum. A narrow 
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neural spine is present on the dorsal side of 
the neural'arch. Paired transverse processes and 
paired pre - and postzygapophyses are pre¬ 
sent (Fig. 5.19A). There are downwardly 
curved ribs which remain articulated to the 
terminal end of the transverse processes. 


toral fins on cither side. Each half of the 
pectoral girdle is composed of (i) a dorsally 
placed scapula , (ii) a vent rally located cora¬ 
coid and (Hi) a large chi thrum or clavicle 
articulating with the coracoid. The dorsal 
end of the clavicle is produced into a back¬ 



log. f>.19. Vertebrae of Lales. A. Showing three caudal vertebrae in tlieir natural position. 
B. A preeaudal vertebra. C. A cniulal vertebra. 


Structure of a typical caudal vertebra. Besides 
the structures present in the preeaudal ver¬ 
tebra, the centum has a ventrally located 
haemal arch with a narrow haemal spine 
(Fig. 5.19C). The’neural arch and the 
neural spine are present. The ribs are ab¬ 
sent in the caudal vertebrae. 

Appendicular skeleton. The skeletal ele¬ 
ments supporting the paired fins and the 



Fig. 5.20. Pectoral girdle and fin of Lales. 

respective girdles constitute the appendi¬ 
cular skeleton. The pectoral girdle con¬ 
sists of a few bones which support the peo 


vvardly extended postclavicle and an up¬ 
wardly directed stout supraclavicle (Fig. 
5.20). The supraclavicle is connected with 
the skull by a forked posltempvrcrl bone. The 
clavicles, one from each half of the pectoral 
girdle, are joined at the inidventral line of 
the body. 

Four or live plerygiophores or brachial 
ossicles supporting the dernwtrichia or fin rays 
of the pectoral fin arc attached to the sca¬ 
pula and coracoid on their posterior edges. 
'The skeleton composing the pelvic girdle 
is very simple and is represented by a thin 
plate-like basipterygium on each side. It gives 
support to the dermotrichia of the pelvic 
fin. 

COELOM 

The coelom is spacious and is divided 
into an anterior pericardial cavity containing 
the heart and a posterior large perivisceral 
cavity to accommodate the digestive organs, 
swim bladder, urinbgenital organs and 
other visceral organs (Fig. 5.21). 

DIGESTIVE SYSTEM 

The digestive system of Bhetki consists 
of the alimentary canal and the digestive 
glands. The alimentary canal starts with 
the mouth and terminates in the anal 
opening. The moiyh is a very wide slit 
and is bounded by upper and lower jaws. 
The jaws are beset with numerous sharp 
conical teeth. The mouth opens into the 
spacious buccal cavity. A small and ryui- 
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Fig. 3.21. Diagrammatic' longitudinal sectional view of Lutes showing the position of the major visceral organ! 


muscular longue is attached to the floor 
of the buccal cavity. Salivary glands are 
absent. There arc numerous mucous glands 
which pour their secretion into the buccal 
cavity. The buccal cavity is continued as the 
pharynx. The pharynx is spacious and is sup¬ 
ported by the branchial or gill arches on 
the lateral side. Five gill slits situated bet¬ 
ween the gill arches communicate the pha¬ 
ryngeal cavity with the gill chamber. The 
gill rakers present on the concave side of 
the gill arches prevent the escape of food 
materials from the pharyngeal cavity into 
the gill chamber. The pharynx leads into 
a short tubular oesophagus. The oesophagus 
leads into the stomach and the opening to 
the stomach is guided by sphincter muscle 
to prevent .the entry of water into the sto¬ 
mach. The stomach is nearly a V-shaped 
sac and is generally divided into cardiac 
art towards the oesophageal side and the 
pyloric part to the opposite end which is 
continued into the intestine. This point is 
provided with a well-marked pyloric constric¬ 
tion. The intestine is fairly long. Five blind 
finger-like structures called the pyloric caeca 
are present in the intestine very close to 
the pyloric stomach (Fig. 5.22). The func¬ 
tion of these structures is not definitely 
known. These are either secretory in 
function or help in the absorption of the 
digested food. The intestine forms a loop 
and opens at the anus. The mesentery 
which supports the gut is heavily loaded 
with fat. 

Digestive glands. The liver constitutes the • 
major digestive gland. Jt is a massive struc¬ 
ture and consists of two lateral lobes con¬ 
nected by median transverse part. It is lo¬ 
cated in the anterior part of the perivisceral 
cavity. The products of the liver, the bile 
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is stored in a thin-walled gall bladder . The 
gall bladder is composed of two unequal 
sacs which - are connected by a narrow 
lube. One of the lobes is located at the tip 
of right part of liver and the other is located 
at the median part. The bile is poured into 
the intestine by the bile duct. There is no 
separate existence of pancreas. Diffused 
occurrence of pancreatic cells in the sub¬ 
stance of liver is recorded. So the bile 
poured into the intestine also contains the 
pancreatic secretion. 

HYDROSTATIC ORGAN 

just below the vertebral column in the 
dorsal side of the perivisceral cavity there 
lies a large swim bladder. It develops as 
an outgrowth from the anterior part of the 
digestive lube and leaves a narrow mbular 
connection with it called the ductus pneuma- 
ticus. This connection becomes lost in 
adult. So this type of swim bladder is called 
the pkysoclislous type. The swim bladder 
is filled with gases and consists of two un¬ 
equal chambers. The anterior chamber is 
smaller and the posterior one is elongated. 
'The inner lining of the swim bladder is 
highly vaseularised which thus forms the rete 
wiraWfe. The rete mirabile present in the an¬ 
terior chamber has an extraordinary power 
of isolating molecules of oxygen, carbon 
dioxide, nitrogen from the blood and filled 
in the said chamber with these secreted 
gases. But the rete mirabile in the posterior 
chamber subserves the reverse role, i.e., it 
can reabsorb the gases. The swim bladder 
is a very important structure and plays a 
number of vital functions. It acts primarily 
as the hydrostatic organ. By alternate pro¬ 
duction and reabsorption of the gases inside 
the chambers of the swim bladder, the fish 
can regulate the specific gravity of the body 
in water. 

RESPIRATORY SYSTEM 

The respiration is performed by four 
pairs of gills 9 situated in the gill chambers. 
'These two chambers are covered externally 
by the operculum and the branchiostegal mem - 
brane which is attached to the posterior 
margin of the operculum. The wall* of 
pharynx i§ perforated by five gill slits on 
each side and are separated by four gill 
arches or interbranchial septa. Each gill arch 
is provided with teeth-like gill rakers on 
the inner concave border and two rows of 
comb-like gill filaments on the outer convex 
border (Fig. 5.23). The gill rakers present 
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in the inner borders of the gills, prevent the 
escape of food materials from the pharyn¬ 
geal cavity to the gill chamber. The gills 
are holobranchs , i.e., each gill arch bears 
two rows pf gill filaments. 



PHYSIOLOGY OK RESPIRATION. BllCtki 
utilises the oxygen dissolved in water. The 
physical mechanism of respiration can be 
described under two sequences (Fig. 5.24). 
Inspiration. During inspiration, the outer 
opening of the gill chamber remains tight¬ 
ly closed to the body wall by the branch¬ 
iostegal membrane and the two opcrcula 
bulge out to increase the accommodating 
capacity of the pharyngeal and buccal*, 
cavity. As a consequence, water from 
exterior rushes inside through the opened 
mouth and fill in the buccopharyngeal 
cavity. Expiration. Immediately with the 
entry of water, the pharyngeal and the 
buccal cavity contracts and exerts pres¬ 
sure to the contained water. As the mouth, 
by this time, becomes closed by oral 
valves, the contained water finds the way 
out through the gill slits. The operculum 
as well as the branchiostegal membrane 
are lifted by this time and the water from 
the gill chambers goes out through the 
opening of the gill chamber. The dilata¬ 
tion and the contraction of the pharyngeal 
cavity are caused by the alternate retrac¬ 
tion and' protrac tion of the hyoid arch 
supporting the buccopharyngeal cavity. 

PHYSIOLOGY OF GASEOUS EXCHANGE. The 

gills are highly vascular structures and are 
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supplied by afferent and efferent branchial 
arteries. The afferent branchial artery 
carrying the deoxygenated blood is situat¬ 
ed very superficially on the outer edge of 


out carbon dioxide by diffusion, The blood 
thus aerated, is collected by efferent bran¬ 
chial arteries and is conveyed to the diff- 
rent parts of the Jbody. 


pharynx 


mouth 


mouth 


pharynx 
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membrane 
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Tig. 5.K4. Schematic diagrams showing lhe physical mechanism of respiration in Lale\. A. Inspira¬ 
tion. B. Expiration. The arrows indicate the direction of respiratory water current. 


the gill. The afferent branchial artery 
breaks up into capillaries in the substance 
of the gill. During the transit of water 
through the gill slits, the deoxygenated 
blood in the capillaries of the gill filaments 
takes oxygen dissolved in water and gives 


I jIRCU LATORY SYSTEM 

The circulatory system of Bhclki com¬ 
prises of (1) the circulatory fluid —the 
blood ; (2) the pumping organ the heart, 
(3) the arteries and (4) the veins. 
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Kig. 5.1!5. Heart of Lates. A. Intact heart. B. Sectional view of heart through the different chambers. 
Note that the conus arteriosus is represented by a pair of valves guarding the opening of the 
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&lood. Blood is a pale coloured fluid. It 
contains elliptical, nucleated erythrocytes 
and amoeboid leucocytes suspended in the 
plasma. X 

heart. The heart is located ventral to 
the oesophagus in the pericardial section 
of the coelom. It is enclosed within a thin 
pericardium. It is constructed of two types 
of chambers: 

Receiving chambers. The sinus venosus and 
the auricle constitute the receiving parts of 
the heart. The sinus venosus is a dorsally 
placed thin-walled sac. Tt receives deoxy- 
genated blood by two caval veins or ductus 
Cuvieri . The auricle is a single thin-walled 
chamber and is situated ventral to the 
shuft^friosus. The sinus venosus opens to 
the auricle by a sinuauricular aperture guard¬ 
ed by valves (Fig. 5.25B). The auricle opens 
into the ventricle by auriculoventricular aper¬ 
ture. This aperture is guarded by valves. 
Through both these aforesaid apertures 
the blood flows in the direction from sinus 
venosus to auricle and from auricle to the 
ventricle respectively. The valves guarding 
the apertures prevent the change of direc¬ 
tion or back-flow of blood and thus 
maintain a unidirectional flow of blood 
through the different parts of the heart. 

Forwarding chamber. The forwarding 
chamber of the heart is exclusively the 
thick-walled conical ventricle. It is placed 
ventral to the auricle. There is no conus 
arteriosus. This part of the heart is repre¬ 
sented by a pair of valves guarding the 
entrance of the bulbus aorta. The bulbus 
aorta is a dilated part at the base of the 
ventral aorta and is not to be regarded as 
l he component part of the heart* 

ARTERIAL. SY STEM 

The arterial system of the Bhetki con¬ 
sists of two categories of arteries depending 
on the type of blood the vessels carry. The 
afferent branchial arteries carry the deoxy- 
genated blood from the heart to the gills 
and the efferent branchial arteries collect 
oxygenated blood from the gills and convey 
the same to the different parte of the body. 

Afferent Branchial System. From the base of 
the ventricle arises a very stout median 
artery called the ventral aorta. The base of 
the ventral aorta becomes dilated to form a 
noncontractile bulbus aorta . The ventral 
aorta proceeds forward along the floor of 
pharynx and occupies a midventral posi- 
tion.^From the ventral aorta the paired 


afferent branchial arteries emerge out to supply 
the gills (Fig. 5.26). The afferent branchial 
arteries carry the deoxygenated blood from 
the heart to the gills for aeration. The ven¬ 
tral aorta bifurcates anteriorly to form the 
lirst pair of afferent branchial arteries which 
goes to the first pair of gills. The second 
pair of afferent branchial arteries originates 
behind the first pair and enters the second 
pair of gills. The third and fourth pairs of 
afferent branchial arteries have a common 
origin and arise from the posterior part of 
the ventral aorta, i.<\, the third and fourth 
afferent branchial arteries have a common 
root. Thus the ventral aorta and the 
afferent branchial arteries carrying dcoxy- 
genated blood to the gills constitute the 
afferent branchial system. 

Efferent. Branchial system. One of the pecu¬ 
liar features in the circulatory system of 
fish is that the oxygenated blood from the 
gills is not returned to the heart but is 
carried directly to the different parts of the 
bftdy through the efferent branchial arteries 
which comtityt* the efferent branchial 
system (Fig. 5.27). The heart is called the 
YfiflPUS ..heart, 

blood circul atcs t hrough the different parts 
of the heart. There is no provision for 
Reparation 7^Tdeoxygenated and oxyge¬ 
nated blood inside the heart as in higher 
forms. The efferent branchial system 
consists of four pairs of efferent branchial 
arteries corresponding to the number 
of gills. The first and second efferent 
branchial arteries on each side unite to 
form die anterior epibranchial artery. Two 
anterior epibranchial arteries unite pos¬ 
teriorly along the middorsal line to form 
the dorsal aorta. The third and fourth effe¬ 
rent branchial arteries on each side unite 
to form the posterior epibranchial artery which 
opens to the antcriormost end of the dorsal 
aorta. On each side, the first efferent bran- 
" chial artery gives origin to a cephalic artery 
which in turn divides into an external carotid 
artery supplying blood to orbital region, 
longue and hyoid arch and an internal caro¬ 
tid artery supplying blood to the brain. The 
dorsal aorta extends backward and lies 
ventral to the vertebral column. It termi¬ 
nates at the tail as the caudal artery. The 
dorsal aorta gives the following arteries 
anteroposteriorly: (1* A stout coeliacome - 
senteric artery originates from the anterior 
part of the dorsal aorta and supplies the 
swim bladder, stomach, intestine, liver, 
spleen, etc. (2) Just posterior to the coelia- 
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comesentcric artery arises a pair of sub- veins. These veins directly or indirectly 
clavian arteries. Each subclavian artery convey the deoxygenated blood from the 
divides into two branches, the pectoral different parts of the body to the heart. 
artery supplying the pectoral fin and the systemic venous system. The blood is 
pelvic artery to the pelvic fin. (3) The rest of carried to the sinus veriosus by right and 



the dorsal aorta gives off amumber of pair¬ 
ed segmental arteries to the body muscula¬ 
ture, renal arteries to the kidneys and the 
genital arteries to the gonads. 

VENOUS SYSTEM 

The venous system rtf the Bhetki com¬ 
prises of the systemic veins and the portal 


left ductus Cuvieri. Each ductus Guvieri is 
formed by three principal veins: an anterior 
cardinal sinus , a jugular sinus and a poste¬ 
rior cardinal sinus. The ^anterior cardi¬ 
nal sinus brings blood from the anterior 
part of the body (Fig. 5.26) and the 
posterior cardinal sinus brings blood from 
the posterior part of the body. Both the 
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posterior cardinal veins receive segmental 
veins, renal veins, genital veins etc. 

In addition to the above mentioned three 
principal veins, the pectoral and pelvic veins 
from the pectoral and pelvic fins respecti¬ 
vely and the slender hepatic vein open into 
the ductus Cuvieri . 
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Fig. 5.27. erent branchial arterial system of 
LalcS. 


The blood from the tail region is con¬ 
veyed by a caudal vein which just entering 
into the trunk bifurcates into two branches. 
The right posteiior cardinal sinus passes 
through ihc substance of the right kidney 
and opens into the right ductus Cuvieri. 
The left posterior cardinal vein originates 
from the capillaries of the renal portal 
vein. 

portal venous system. The portal ven¬ 
ous system is composed of a special vein 
which originates in capillaries and end in 


capillaries and secondly the blood from 
these veins before going to the heart passes 
through some intermediate organs. When 
the intermediate organ is the kidney, such a 
system constitutes the renal portal system and 
when the organ is liver the system is 
called the hepatic portal system . Renal portal 
system. The left branch of the caudal vein 
after entering into the left kidney breaks up 
into capillaries and form the renal portal 
vein. These capillaries reunite and form 
the left posterior cardinal vein. Hepatic 
portal system. The capillaries from the ali¬ 
mentary canal and its associated structures 
unite to form a hepatic portal vein which 
enters into the substance of liver and breaks 
up into the capillaries. The capillaries re¬ 
unite to form the hepatic vein which opens 
to the ductus Cuvieri. 

NERVOUS SYSTEM 

'The nervous system of Bhetki comprises 
of the central nervous system, peripheral 
nervous system and the sympathetic ner¬ 
vous system. 

central nervous system. This system is 
composed of the brain and the spinal cord. 

Brain. The brain consists of the forebrain 
or prosencephalon, the midbrain or mesencepha¬ 
lon and the hindbrain or rhombencephalon. 
The forebrain is again differentiated into 
an anterior telencephalon and a posterior 
diencephalon or thalamencephfllon. The telen¬ 
cephalon gives rise to two well-developed 
olfactory lobes and two cerebral hemis¬ 
pheres (Fig. 5.28). The floor of the cere¬ 
bral hemispheres is well-formed and is 
called the corpus striatum* The roof (or 
pallium) of the same is non nervous in 
nature. The diencephalon is also ill-deve¬ 
loped and is represented by a median dia¬ 
mond-shaped area between the optic lobes 
and the cerebral hemispheres. It is bound¬ 
ed dorsally by epithalamus , laterally by 
thalami and vcntrally bv hypothalamus. Pro¬ 
jecting from the epithalamic region, there 
is a slender epiphysis with an insignificant 
pineal body attached to it. The floor gives 
out an infundibulum with the pituitary body 
attached to its anterior end. At the tip of 
the infundibulum there is a highly vascu-* 
larised structure called the saccus vasculosus 
which secretes the cerebrospinal fluid. On 
cither side of the pituitary body there are 
two to hi inferiores. The optic chiasma is want¬ 
ing and the optic nerves of the optic lobes 
form a simple crossing. The midbrain con¬ 
stitutes the greater part of the brain and is 
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represented by two round optic lobes dor- 
sally and the crura cerebri ori the ventral 
side. The hindbrain is differentiated into 
an anterior metenccphalon and a pos¬ 
teriorly placed rnyelencephalon. The 
metenccphalon is represented by a long and 
oblong shaped cerebellum. The myelencc- 
phalon gives rise to the medulla oblongata 
which is continued posteriorly into the 
spinal cord. 'The medulla oblongata is 
well-developed. 



l‘’ig. 5.20. Brain of Lutes. A. Dorsal view. B. Ven¬ 
tral view. 


PERIPHERAL NERVOUS SYSTEM. Tllfe lltT- 

vous system comprises of the cranial, 
spinal and sympathetic nerves. 

cranial nerves. There are ten pairs of 
cranial nerves. These are: (1) The first 
cranial nerve is the olfactory nerve supplying 
nerves to the olfactory capsules. (2) The 
second cranial nerve is the optic nerve 
supplying nerves to the eyes. The optic 
nerves cross one another without forming any 
chiasmata. (3) The third cranial nerve is the 
oculomotor supplying neives to the extrinsic 
muscles of the eve-ball. (4) The fourth 
cranial nerve is the trochlear or pathetic. 
This nerve also supplies the extrinsic mus¬ 
cles of the eye-ball, (5) The fifth cranial 
nerve is the trigeminal which gives three 


main branches: (a) the ophthalmic branch 
which again bifurcates into a superficial 
ophthalmic and a deep ophthalmic branches, 

( b ) a maxillary branch supplying the upper 
jaw and (c) a mandibular branch innervating 
the lower jaw. (6) The sixth cranial nerve 
is the abducen supplying the extrinsic mus¬ 
cles of the eye-ball. (7) The seventh cranial 
nerve is the facial nerve which gives two 
branches outside the skull, the palatine 
branch and a hyomandibular branch. Be¬ 
sides the branches, it has a cutaneous branch. 
(8) The eighth cranial nerve is the auditory 
nerve innervating the membranous laby¬ 
rinth. (9) The ninth cranial nerve is the 
glossopharyngeal supplying nerves to the 
first gill-slit. (10) The tenth crauial nerve 
is the vagus which is divided into two: (a), 
the lateralis supplying nerves to the lateral 
line sense organ and ( b ) the visceralis inner¬ 
vating the second, third and fourth gill-, 
slits. The nerve supplying the last gill-slit 
sends branches to heart, alimentary canal 
and swim bladder. 

spinal nerves. The spinal nerves are 
paired and supply nerves to the trunk and 
tail regions. Each spinal nerve, like that of 
Scoliodon, originates by a dorsal sensory , 
root and a ventral motor root. 

sympathetic nervous system. The sym¬ 
pathetic nervous system is more advanced 
than that of Scoliodon. The sympathetic 
nerve trunks are without any ganglion. 

SENSE ORGANS 

The main sense organs arc the eyes, ears, 
olfactory organs, receptors for touch, recep¬ 
tors for .taste and the lateral line sense 
organs. 

eyes. The paired eyes are the photo¬ 
receptors. The eye-ball is three-layered. 
The outer or sclerotic layer contains carti¬ 
lage, a median vascular choroid layer and an 
innermost photosensitive retinal layer. The 
choroid layer contains the choroid glands 
which surround the optic nerves. The eyes 
are devoid of eyelids. The cornea is flat. 
The lens is globular and lies in apposition 
to the cornea. The anterior chamber of the 
eye is greatly reduced. Between the choroid 
and the sclerotic layers there is a silvery 
reflecting layer or argentea. There is no 
ciliary muscle but there is a peculiar falci¬ 
form process in the posterior chamber of the 
eye which helps in changing the position 
of the lens (Fig. 5.29A). The falciform 
process is the vascular fold of the choroid. L 
This fold pierces the retinal layer near the 
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entrance of the optic nerve and proceeds 
to the back of the lens. The back of the lens 
is attached to the falciform process by a 
retractor leritis muscle. Each eye has different 
visual field and the vision is thus mono¬ 
cular. Accommodation is effected by shift¬ 
ing the position of the lens and not by 
changing the shape of the lens as observed 
in higher vertebrates. 


function and do not play any role in res¬ 
piratory system. 

sense organs of touch. There is no such 
definite organ but the tactile cells on the 
lips and on the surface of the body serve the 
purpose. 

SENSE ORGANS OF TASTE. Although longUC 
is present, it does not perform the said 
(unction. The cells in the mucous mem- 
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Fig. .>.29. Sense organs ol Lutes. A. Diagrammatic seciiona! view of an eve. B. An internal \ 


ear. The ear is exclusively composed of 
internal ear or membranous labyrinth. The 
middle and external ears of higher verte¬ 
brates are absent. The membranous laby¬ 
rinth is composed of an upper chamber 
called utriculus and a lower sacculus (Fig. 
5.29B). 'Three semicircular canals open 
into the utriculus. The sacculus is a sac-like 
structure whose floor gives rise to a lagetta. 
The eridolymph contains car-stones or 
otoliths which touch Ihc sensory hairs of 
both the chambers. The semicircular canals 
and the utriculus help the animal to main¬ 
tain equilibrium. The sacculus and the 
lagena perceive the sound waves. As there 
is no tympanum, the body surface transmits 
the vibration to the inner ear. The lateral 
line sense organ helps the fish to perceive 
low frequency vibrations in water. The 
cars thus constitute the audio-equilibrat¬ 
ing sense organs. Although the organ of 
Corti (the sensory area responsible for 
hearing in higher vertebrates) is lacking, 
this fish can undoubtedly hear. 

olfactory sense organ. The olfactory 
sense organ is represented by two blind 
nasal sacs. The olfactory cells lining the 
nasal tacs are sensitive to smell. The nasal 
sacs do not communicate to the buccal 
cavity but open to the exterior by openings. 
The nasal sacs are exclusively olfactory in 


branc of the mouth as well as on the whole 
body surface may serve tlu* purpose. 

lateral UNE sense organs. The lateral 
line sense organs are well-developed in 
Bhetki. This lateral line system is composed 
of a large number of deep seated sense 
organs (Neuromasts). Each sense organ is 
housed in a pit and is communicated to the 
surrounding water by a pore. The lateral 
line sense organs are innervated by the 
lateral line branch of the vagus. This sen¬ 
sory system primarily helps the animal to 
perceive low frequency vibrations in water. 

EXCRETORY SYSTEM 

The excretory organ of Bhetki comprises 
of two elongated kidneys located ventral 
to the vertebral column and extending the 
whole of coelom. Kidneys are of mesone¬ 
phric type. The two kidneys are fused par¬ 
tially at the posterior end. Each kidney is 
composed of numerous uritiiferous tubules. 
Ori the ventral surface many minute aper¬ 
tures called the nephrostomes are present. 
These apertures communicate with the uri- 
niferous tubules. The.uriniferous tubules 
open to a tube called the ureter which 
emerges from the posterior part of the 
kidney. Two ureters from the two kidneys 
unite at the posterior end to form a 
common meter which communicates with 
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the urinary bladder . The bladder in turn 
opens to vent through a narrow duct. The 
urinary bladder in this lish is a mesodermal 
derivative and as such is not homologous 
to the endodermal bladder of higher verte¬ 
brates. 

REPRODUCTIVE SYSTEM 

The sexes are separate. The gonads 
exhibit, seasonal variation and attain 
maximum size during breeding season. 

Male Reproductive System. The testes are 
two in number and are elongated struc¬ 
tures. Each testis is composed of semini¬ 
ferous tubules and gives out a vas deferens 
which opens to the lateral side of the vent. 
There arc two genital openings. 

Female Reproductive System. The ovaries are 
much longer than the testes and contain 
numerous eggs. Matured eggs are conveyed 
through the oviducts and are discharged to 
exterior by reproductive openings. There 
are two genital openings located at the 
lateral sides of the vent. 

DEVELOPMENT 

The developmental events are not pro¬ 
perly studied in this particular lish. The 
following description will give ari idea of 
the process. The males discharge the semi¬ 
nal fluid on the freshly laid eggs. The eggs 
are protected by thick membrane (zona 
radiata) which prevents the eggs from 
mechanical injuries and microbial attack. 
The zona radiata is perforated by an aper¬ 
ture ( micropyle ). Through- the micropyle a 
spermatozoon enters into the egg and ferti¬ 
lizes it.. Fertilization is thus external. 

Initially the egg is composed of a thin 
protoplasmic layer which envelops a mass 
of pale yellow yolk. Soon after fertilization 
the protoplasmic portions are accumulat¬ 
ed at one end to form an elevated germinal 
disc . This disc becomes the scat of embryo¬ 
nic activity. The cleavage is restricted to 
the germinal disc. The cleavage is rnero- 


blastic . The segmentation cavity appears 
between the yolk and the blastoderm cells. 
In comparison to that of Scoliodon, the 
blastoderm is larger in size in this fish 
because of the smaller proportion of the 
yolk material. Consequently the size of the 
developing embryo is proportionately 
larger than that of the cartilaginous fishes. 
The developing embryo arises from the 
blastoderm and remains in close contact 
with the yolk for drawing the nutrition. As 
the embryo grows, the head and the tail 
ends become free from the yolk and the 
embryo hatches in this condition. The yolk 
sac remains still attached to the ventral 
surface of the embryo. With the avail¬ 
ability of nutrition from outside, the yolk 
sac is lost and the embryo transforms into 
an independent fish. The development of 
nervous system is peculiar. It is formed 
as a solid kecl-like ridge which becomes 
subsequently hollow to form a tubular 
nerve cord with the contained cavity, the 
ncurococl. 

Example of bony fish— LATA 

The lain, fish (Ophiocephatus or Channa fame talus) is 
the commonest bony lish used in the practical 
classes in the different colleges of West Bengal and 
other provinces oi'India. These fishes are commonly 
called the snake-headed fishes because the head re¬ 
sembles superficially that of snakes. The anatomy of 
Lata is incompletely known. It is typically cons¬ 
tructed on the telcostean plan. However, the fol¬ 
lowing description will be helpful in the practical 
works. 

HABIT AND HABITAT 

The 1 ata fish inhabits the fresh water ponds and 
ditches. It is usually carnivorous and eats other small 
fishes and other small aquatic animals, [.ala 
fish is notable lor migration overland from one pond 
to another during rains. The ability to breathe by its 
accessory respiratory oqgan helps the fish to thrive 
well out of water for a considerable period of time. 

EXTERNAL STRUCTURES 

The body of Lata is elongated (Fig. 5.30) and 
covered with ctenoid scales (Fig. 5.3IB). It has 



Fig. 5.30. External features of Channa. 
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been recorded that cycloid scales are also present 
(Fig. 5.31 A). The body is divided into die head , 
trunk and tail regions. The head is depressed and 
covered by large plale-like scales resembling the 
‘head shields* of snakes. The eyes are placed on the 
lateral sides of the head. The dorsal fin is single. 




Fig. 5.31. Scales of fishes. (A) a typical cycloid 
scale. (B) a typical ctenoid scale. 

The anal fin is also extensive and extends from the 
posterior end of the anus. Both the dorsal and anal 
fins are undivided and are supported by spinous 
bony fin-rays. The caudal fin resembles closely to 
that of Bholki. 'The lateral line is interrupted at 
places. 

DIGESTIVE SYSTEM 

The mouth is bounded by upper and lower jaws. 
The jaws are provided with sharp conical teeth. The 
buccal cavity is spacious and leads into a short tubular 
oesophagus, 'flic stomach is an elongated sac-like struc¬ 
ture. The most important feature to note in the 
digestive system of Lata is the presence of only two 
pyloric caeca (fig. 5.32). These caeca open at the 
junction &f the intestine with the pyloric end of the 
stomach./The intestine is a coiled lube with its dis¬ 
tal part dilated as the rectum. The anus is located 
on the ventral surface and in front of the anal fin. 
The liver is a distinct bilobed glandular struc¬ 
ture. The bile produced in the liver is stored in 
the gall bladder situated on the ventral side of the 
right lobe of liver. The bile duct opens into the in¬ 
testine just near the point of origin of pyloric caeca. 

RESPIRATORY SYSTEM 

The primary respiratory organs are tiie four pairs 
of gills, two pairs on either side. 'Hie gills are placed 
in the gill chamber and the gill openings are wide. 
The structure of the gilts is similar to that of Bhetki. 
The lata fish is capable of living in absence of 
water for a considerable period of time. When out 
of water, this fish is able to breathe air by a pair of 
specialised suprabranchial cavities. The suprabran- 
chial cavities are situated in the gill chambers) 
These are lined internally by a highly' vascular 
membrane and physiologically functioning as the 
lungs. These are accessory respiratory structures. 


CIRCULATORY SYSTEM 

The circulatory system is built on the telcostcan 
plan. The heart is composed of a thin walled sinus 
venosus f an oval muscular ventricle and an auricle. The 
conus arteriosus is absent and this region, like that 
•of Bhetki, is marked by the presence of a pair of 


valves guarding the entrance of the bulbus aorta. 
The bulbus aorta is noncontractile and represents 
the dilated base of the ventral aorta. The bulbus 
aorta and the ventral aorta are covered by a tough 
membrane. 

Afferent Branchial System. The deoxygenaied blood 
Irom the ventricular cavity is couvcvcd through a 
stout median^ central aorta to the gills for aeration'by 
four pairs of afferent branrhiahmteries...A\l the four 
pairs of the .dfeivnl branchial arteries have inde¬ 
pendent origin from the ventral aorta. The first 
and second pairs of the afferent branchial arter¬ 
ies are simple straight at lcries leading to the cor- 



Kg. 5.32, Digestive system of Channa. 


responding pairs of gills. While the third and fourth 
afferent branchial arteries of each side cross each 
other forming a loop after their origin from the 
ventral aorta (Fig. 5.33). 
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Fig. 5.33. Afferent branchial arteries and anterior veins ol Channa. 



Fig. 5.34. Efferent branchial arterial system in 
Channa . » . . 


Efferent Branchial System. The efferent branchial 
arterial system is peculiar. The' first and second 
pains of efferent branchial arteries are lacking (Fig. 
5.34). The third efferent branchial arteiry on each 
side receives oxygenated blood from the third gill of 
that side and gives off a cephalic artery. This artery 
runs forward and bifurcates into an external carotid 
artery and an internal carotid artery. A transverse artery 
acts as a connecting bridge between the third and 
fourth efferent branchial arteries of the two sides. 
The left fourth efferent branchial artery gives ori¬ 
gin to the dorsal aorta. The coeliacomcsenleric artery 
originates from the point of union of the trans¬ 
verse artery and the right fourth efferent branchial 
artery. Two subclavian arteries arise indepeijlently on 
(he two sides and each divides into two arteries - 
the fjectoral artery supplyitig the pectoral fin and a 
pelvic artery to the pelvic fin. The dorsal aorta occu¬ 
pies a middorsal position and runs posteriorly up to 
the tail as caudal artery. Along its course it gives off 
paired segmental arteries . gonadal arteries and* renal 
arteries'. 

The absence of first and second pairs of efferent 
branchial arteries in Lata is difficult to interprctc. 
The oxygenated blood from the first two pairs of the 
gills is possibly drained into the suprabranchial 
cavity directly through some sort of capillary 
networks. These capillary networks together with 
that of the suprabranchial cavity unite to form rn 
artery which joins with the cephalic arteries. 

The venous system is strikingly similar to that of 
Rhetki fish. 


OTHER SYSTEMS 

The nervous system, the .organs of special sense 
and the urinogeriilal system resemble basically 
' that of Bhetki. Figure 5.35 gives an idea of the origin 
and distribution of V. VII and X cranial nerves in 
Lata. 

Example of bony fish— ROHU 
Labea rohita> commonly called the Rohu 
fish is one of the typical fresh water btmy 
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Fig. 5.35. Schematic representation of the origin and distribution of iho fifth and seventh (A) and 
and tenth cranial nerves (B) of Channa. 


fishes of India. This particular fish is stu¬ 
died as the type specimen of bony fishes in 
many Indian Universities. 

EXTERNAL STRUCTURES 

The Rohu fish has a spindle shaped body 
measuring up to 1 m in length and weigh¬ 
ing about 20 25 kgs. The dorsal side of the 
body is blackish in colour and the ventro¬ 
lateral sides are silvejy. The body, like that 
of Bhetki, is distinguishable into a conspi¬ 
cuous head , trunk and post anal tail (Fig. 
3.36). 'l’he head extends from the snout 


having no lateral lobes in the snout. Two 
nostrils are present on the dorsal side of the 
snout. The mouth is a crescentic transverse 
opening bounded by thick fringed lips. ; 
Teeth arc absent i n the jaws. The eyes are pro- 
minent and are. lidless. One or two pairs of ■ 
barbels arc present on the dorsolateral sides 
of the mouth. The maxillary barbels are rela¬ 
tively shon and delicate than the rostal bar¬ 
bels. The trunk is elongated and oval in cross- 
section. It is covered over by thin overlap¬ 
ping cycloid scales. The lateral line runs along 
the lateral sides of the body. The scales along 
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Fig. 5.36. External features ol Labeo. Barbels are not shown. 


up to the posterior margin of the operculum. 
The snout is depressed and projects beyond 
the jaws. Labeo rohita is characterised by 


the lateral line contain pores which are con¬ 
nected with a tubular canal. The vent is situa¬ 
ted vcntrally and just in front of the anal fin. 


/ 
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FINS 

Both the paired and unpaired fins are 
well-developed. The pectoral and pelvic fins 
are borne by the respective girdles, The 
pectorals are located at the anterolateral 
side of the trunk behind the operculum. 
Each pectoral fin is supported by 19 fin- 
rays. The pelvics are situated on the ven¬ 
tral side behind the pectorals. Each pelvic 
fin contains 9 fin-rays. There is only one- 
dorsal fin in Rohu which arises from the 
mid-dorsal line of the trunk half way be¬ 
tween the snout and the base of the tail. 
The anal fin lies posterior to the anus. 
The dorsal fin consists of 13 fin-rays and 
anal fin has 4-6 fin-rays. The tail fin is 
homoccrcal with two symmetrical lobes. 
Several fin-rays support the tail fin. 

SKIN 

The integument is covered by an outer 
soft epidermis and an inner dermis. The 
epidermis is composed of epithelial cells 
with numerous unicellular mucous glands. 
The musculature of the body wall lies below 
the integument. The disposition of the 
body wall musculature is similar to lhat of 
other lisites which has already been des¬ 
cribed. 


SKELETAL STRUCTURES 

The scales and fin-rays constitute the 
exoskeleton of Rohu fish. The endoskclelon 
is completely ossified and consists of (1) an 
axial skeletal portion and (2) an appendi¬ 
cular skeletal part. 

axial skeleton. The axial skeleton is 
composed of the skull, vertebral column 
with the ribs and the skeletal elements 
supporting the median fins. 

skull. The skull of Rohu has a very 
complicated structural organisation. Many 
investing and replacing bones participate 
in the formation of the skull (Fig. 5.37). It 
is composed of the cranium , the sense capsules 
and the visceral arches. The cranium and the 
sense capsules arc immovably united to¬ 
gether while the visceral arches are loosely 
attached with the skull. Basically the skull 
is composed of a posterior basal plate and an 
anterior trabecular region. The auditory cap¬ 
sules are united with the basal plate and the 
nasal capsules are attached with the tra¬ 
becular region. The lateral walls are mostly 
incomplete and are derived from the 
orbital cartilage: This cartilage joins pos¬ 
teriorly with the auditory capsule and the 
nasal capsule on the anterior end. The 
palate quad rate arch (visceral arch) articulates 
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Fig. 5.37. Skull of Labeo. A. Dorsal view. B. Ventral view (after Sarbahi). 
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anteriorly with the trabecular region of the 
skull by a basal process and posteriorly with 
the auditory capsule by an otic process. 

The skull in adult assumes an elongated 
structure. It is broadly divided into (l) a 
dorsal roof, (2) a posterior occipital region, 
(3) the otic region consisting of the bones of 
the auditory capsules, (4) an orbitotemporal 
region and (5) an anterior nasal ( ethmoidal ) 
region. The dorsal side is more or less 
convex. A shallow supratemporal groove 
is present on its posterodorsal side. This 
groove extends postcrolaterally towards 
the main occipital spine . The posterior 
wall or the occipital region of the skull 
bears three apertures, a median foramen 
magnum, and two large oval fencstrae. 
Each fenestra pierces the ex'occipital bone 
and forms a characteristic feature of the 
cyprinoid skull. The occipital f region is 
composed of a supra occipital, a basioccipital 
and a pair of exoccipital bones. The main 
posterior part of the skull is formed by the 
supraoccipilal bone which does not form 
the dorsal boundary of the foramen mag¬ 
num in Kohu. It is divided into a dorsal 
and a posteroinferior portion^. The wider 
anterior end of the dorsal portion is over¬ 
lapped by the parietal bones. A median 
vertical occipital spine is present on the dorsal 
portion of the supraoccipital. The postero¬ 
inferior portion of the supraoccipital is 
composed of the occipital spine (or keel). 
The cxoccipitals are large bones, each 
consisting of (i) a basal plate , (2) a 

paroccipital process and (3) a small dorsal 
process. The basal plate forms part of the 
floor of the cranial cavity and the parocci- 
pilal process forms the posterior boundary 
of the auditory capsule and the side wall 
of the cranial cavity. The dorsal process 
encloses the foramen magnum. The basi¬ 
occipital is a large bony piece and is roofed 
over by the occipital condyle. A deep 
depression is present on the posterior sur¬ 
face of the occipital condyle. A large oval 
masticatory process is borne by the ventral 
surface of the basioccipital. 

The otic region is represented by the 
paired auditory capsules each situated on 
the posterior side of the skull and lies 
between the seventh and the ninth 
cranial ’nerves. Each auditory capsule 
is derived from an otic cartilage growing 
round the internal ear. The otic cartilage is 
ti*a.isformcd into the prootic, epiotic, sphenotic, 
pterotic and opisthotic bones in other te- 
' leosts. But in Rohu the opisthotic bone is 


lacking and the other four bones form a 
compact inverted cup-like structure. 

The orbitotemporal region of the skull. 
is composed of the temporal (or sphenoidal) 
region and the orbit. The temporal region 
is subdivided into: (a) the parietal region 
and (b) the frontal region. The parietal re¬ 
gion is made up of the parietal s 9 alisphenoids 
and parasphenoid . Tin* frontaf region in¬ 
cludes the frontals, orbiiosphenmds and para¬ 
sphenoid. Besides these bones, the supra¬ 
temporal is located at the posterolateral 
angle! of the skull. 

The nasal (or ethmoidal) region of the 
skull comprises of the bones which develop 
in relation to the nostrils and the snout. 
The participating bones of this region are 
the paired nasals , ectoethmoids and lacrymafs , 
a median mesethmoid , a vomer and a rostral. 
Ol these hones, the mesethmoid, eclo- 
ethmoid and rostral are replacing bones, 
while the nasals, larrymals and the vomer 
are all investing bones. 

visceral skeleton. The visceral skeleton 
comprises of a series of seven half-hoops 
encircling the pharyngeal wall. The half- 
hoops of two sides unite with each other 
along the rnidvenlral line forming seven 
visceral arches. All the visceral arches arc 
united with one another midventrally to 
form a basket-like visceral skeleton. The 
first visceral arch is called the mandibular 
arch , the second is the hyoid and the rest 
five arc the branchial ’arches. Of the five 
branchial arches, four support the gills while 
the fifth one forms the inferior pharyngeal 
bones. The inferior pharyngeal bones 
develop into the masticating plates armeeb 
with large teeth. The mandibular arch is 
divided inlo a dorsal pulalopterygoquadrate 
bar and a ventral Meckel's cartilage forming 
the primary lower jaw. The palatoptery- 
goquadrate becomes closely associated with 
the cranium arid forms the primary upper 
jaw. The primary upper jaw becomes ossi¬ 
fied by the following replacing bones, 
palatine , metapterygoid and quadrate. Two 
investing bones premaxilla and maxilla sup¬ 
port the anterior margin of the mouth and 
together form the secondary upper jaw. 
Each half of the lower jaw is composed of a 
small articular , a large dentary and a small 
angular. Two dentaries unite in the middle 
line. The hyoid arch is also divided into 
two parts: upper hyomandibular and the lower 
hyoid cornu. The hyomandibular forms the 
suspensorium by which the jaws arc sus¬ 
pended to the cranium. Many investing 
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bones are connected with the hyoid 
arch and support the operculum (Fig. 
5.38A). The bones of the operculum are 
opercular , preopercular ) subopercular and intero- 
percular. Each branchial arch is ossified by 
four replacing bones, pharyngobranchial , epi- 
branchial , ceratobranchial and hypobranchial. 

vb;rtebral golumn. The vertebral 
column is a completely ossified structure and 
composed of 37 38 vertebrae (Fig. 5.38B). 
The vertebrae are of amphicoelous (i.e., both 
the ends of the centrum bear concavity) 
type. The vertebral column is distinguish¬ 
able into the following parts: (1) an anterior 
trunk region consisting of 21 trunk vertebrae 
(Fig. 5.380) and bearing movable ribs 


stage the concavities are communicated by 
a narrow notochordal canal perforating the 
body of the centrum. The notochordal 
canal becomes closed in adult. The edges of 
the centra are united by connective tissue 
ligaments and the spaces enclosed by the 
vertebrae arc filled with the remains of 
notochordal elements. A pair of back- 
wardly directed processes arising from the 
anteriolateral borders of centrum, encloses 
the spinal cord and unite above to form the 
neural arch. The neural arch gives a long 
dorsal backwardly directed neural spine . 
A pair of small blunt processes, the pre - 
zygopophyses , is present anteriorly at the 
base of the neural arch. Another pair of 
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Fig. 5.38. Skeletal structures of Laheo. A. Opercular bones. B. Two caudal vertebrae in their 
normal position. C. A jprccaudal vertebra. 1). A caudal vertebra. K. Showing two radials and 
(in rays of the dorsal fin Rafter Sarbahi). 


and (2) a posterior caudal region. The ver¬ 
tebrae of the caudal region lack ribs and 
possess haemal arches (Fig. 5.38D). The 
first four trunk vertebrae are greatly al¬ 
tered since these vertebrae connect the 
swirnbladder with the internal ear. The 
last 3 or 4 trunk vertebrae bear postero- 
ventral processes. The last three caudal 
vertebrae are modified for the support of 
the caudal fin. The posteriorrnost caudal 
vertebra is transformed into an upturned 
rod-like urostyle. It is a solid structure with 
a ventral groove 1 “wherein the proximal ends 
of the hypourals fit. 

Typical trunk vertebra. A typical trunk ver¬ 
tebra is composed of a cjjecply biconcave 
centrum (Fig. 5.38C). In the embryonic 


post zygopophyses arises from the postero¬ 
lateral edges of the vertebra. The post- 
zygapophyses are pointed upwards and 
backwards. A pair of short paraphyses ori¬ 
ginating from the ventrolateral surfaces 
of the centrum is directed downwards. 
Ribs arc attached with the paraphyses by 
ligaments. 

Typical caudal vertebra. The caudal part 
of the vertebral column is composed of 16 
or 1 7 caudal vertebrae. Like that of a trunk 
vertebra (Fig. 5.38D), a typical caudal 
vertebra has (1) an amphicoelous centrum 
with a median dorsal, a medium ventral 
and two lateral depressions, (2) a neural 
arch with a long backwardly directed 
neural spine and (3) articulating processes 



PHYLUM CHORDATA—FISHES 


123 


like prc- and postzygapophyses, are pre¬ 
sent in the same position. From the 
anterolateral margins of the centrum, a 
pair of backwardly directed processes meets 
in the midventral line to form a canal 
for the caudal blood vessels. This process is 
known as the haemal arch . This arch pro¬ 
duces a backwardly directed haemal spine. 
A pair of small blunt anterovcntral pro¬ 
cesses is present at the bases of each haemal 
arch. Similar processes on the postero¬ 
lateral side of the centrum are present. 
These posteroventral processes are directed 
downwards and backwards as seen in pos¬ 
terior trunk vertebrae. 

median fin skeleton. The skeleton sup¬ 
porting the median fin consists of a series 
of (1) somactidia or endoskeletal radial,s and 
(2) the dermotrichia or dermal fin-rays (Fig. 
5.38E). The somactids are parallel bony 
rods lying embedded within the body 
muscles. Each sornactid is divided into a 
proximal , a mesial and a distal segment. The 
dermotrichia support the fold of the fin. 
In Rohu, the dermotrichia are branched 
and jointed and are usually called the 
lepidolrichia. Besides these fin-rays, delicate 
horuy-rays ( aclinotrichia ) are present at the 
free edges of the fins. 

The dorsal fin is supported by lcpido- 
trichia. There are fifteen or sixteen lepido- 
triehia seated on fourteen radials. The pro¬ 
ximal segment of each radial is enlarged 
and dagger-shaped. These are called the 


interspinous bone or axonost . The median 
segment is short ami the distal sector is 
greatly reduced. The anal fin bears a 
series of eight fin-rays supported by seven 
radials. The first six are well-formed. 
The caudal fin is supported by a number 
of flattened bony rods. Two epiurals and 
a radial are present on the dorsal side 
of the urostyle while nine hypour&ls are pre¬ 
sent on the ventral side. The fin-rays are 
attached with the hypourals and epiurals 
in two symmetrical halves. 

Ribs. The pleural ribs are segtncmally dis¬ 
posed paired slender bony rods. The ribs 
are attached with the distal ends of the 
paraphyses. There are seventeen pairs of 
ribs and the first pair is attached with the 
paraphyses of the fifth trunk vertebrae. The 
ribs are present between the muscles and 
the peritoneum and encircle the abdominal 
cavity. Besides the ribs, there are series 
of rib-like Y-shaped intermuscular bones 
which support the connective tissue septa 
or rnyoconmias. The intermuscular bones 
originate from the neural arch of all the 
vertebrae composing the vertebral column. 

APPENDICULAR SKELETON. TllV appClldi- 
cular skeleton comprises of the supporting 
structures of the paired fins and the corres¬ 
ponding girdles (Fig. 5.39). 

Pectoral girdle. The pectoral girdle is 
situated immediately behind the last 
branchial arch. It consists of a reduced 
‘primary’ endoskeletal and well-formed 



Fig. f».39. Appendicular skeleton of I.nbeo. A. Pectoral girdle and fin (left half). B. Pelvic girdle 
and fin fright half), after Sarhahi. 




124 


fclOLOGY OF ANIMALS 


secondary dermal girdle. The primary 
girdle is composed of two lateral halves, 
each is transformed into three replacing 
bones, scapula , coracoid and mesocoracoid (t ig. 
5.39A). The two halves of the girdle do 
not meet in the midvcntral line. The 
secondary dermal girdle is composed of 
investing bones. Each side of this girdle 
is made tip of a cleithrum (or clavicle) a 
supracleithrum , a posttemporal and a post- 
cleithrum. The dermal girdle is attached 
with the pterotic process of the skull by 
the posttemporal. 

The scapula is a ring like bony piece 
with a large scapular foramen for the 
impass of the branchial artery and the 
nerve. The coracoid is an irregular trian¬ 
gular bone lying internal to the scapula but 
ventral to the mesocoracoid. The meso¬ 
coracoid is an inverted Y-shaped bone. 
The coracoid and the scapula participate 
in the formation of the glenoid articulation 
to which three of the four radials of the 
pectoral fins are movably attached. The 
cleithrum of the secondary pectoral girdle 
is the largest bone and completely 
covers the primary pectoral girdle. 
The posterior inner surface of the clei¬ 
thrum is* connected with a curved stout 
bone, the poslcleithrum. The supradei- 
thrum is an elongated draggrr-shaped bone 
which covers the dorsal end of the deith¬ 
rum. The supracleithruin is articulated at 
its dorsal end with a minute conical post- 
temporal bone which in turn remains 
attached with the supratemporal bone. 

Pectoral fin. The pectoral fin is supported 
by nineteen Jepidolridiia attached with 
four radials. The radials are articulated 
directly with the scapula. 

Pelvic girdle . The pelvic girdle is located 
anterior to the anal fin. It consists of two 
similarly constructed halves. Each half 
is mostly composed of a large osseous 
pelvic girdle with a small cartilaginous 
rod attached to the posterior end of the 
pelvic hone (big. 5.39B). The pelvic bone is 
distinguishable into an anterior elongated 
part and a posterior stout rod-like part. 
The anterior part bears a ventral deep 
groove and its frontal end is forked. The 
forked end is connected with the ribs of the 
twelvcth trunk vertebra by ligaments. The 
posterior rod-like parts of the two halves 
of the pelvic girdle are united with the 
middle line. 

Pelvic fin. Each pelvic fin is supported by 
nine fin-rays and thrrf radials. The fin- 


rays are attached to the radials proximally 
and the radials are articulated with pos¬ 
terior border of the pelvic bone. The first 
two radials bear two fin-rays while the rest 
are borne by the third radial. 

COELOM 

The coelom is lined with peritoneum and 
divisible into an anterior pericardial cavity 
containing the heart and a posterior peri¬ 
visceral cavity accommodating the main vis¬ 
cera. 

DIGESTIVE SYSTEM 

The digestive system is composed of an 
extremely long alimentary canal and asso¬ 
ciated digestive glands (Fig. 5.40). This 
particular fish is herbivorous in habit. The 
alimentary canal is divided into the mouth, 
buccal cavity, pharynx, oesophagus, sto¬ 
mach, intestine and rectum with its exter¬ 
nal opening, the anus. 

The mouth is bounded by soft upper and 
lower lips. The free edges of the lips are 
broad and are beset with four or five rows 
of blackish conical papillae. The buccal 
cavity is a short dorsoventrally compressed 
cavity with a flat floor and an arched roof. 
The mucous membrane lining the buccal 
cavity contains minute papillae. There is 
no distinct tongue in Rohu, but the mucous 
membrane lining the floor of the buccal 
cavity is provided with highly developed 
thick muscles. The buccal cavity leads into a 
dorsovent rally flattened pharynx. T he pha¬ 
rynx is bounded by gill-arches and is well- 
dcmarcaicd into an anterior and a poste¬ 
rior portions. The anterior portion is 
narrower and is perforated laterally by gill- 
slits. The posterior portion of the pharynx 
bears closely set pharyngeal teeth on its vent¬ 
rolateral walls and the ventral w all is highly 
folded transversely. The pharyngeal teeth 
help to crush solid foods. T hese teeth are all 
alike (homodont) and art* arranged in three 
rows, one alternating the other. Each tooth 
has a narrow basal root and a cylindrical 
projecting crown. The root remains em¬ 
bedded in flip mucous membrane and the 
crown is laterally compressed. 

The posterior portion of pharynx leads 
into a very short tube, the oesophagus. The 
mucous membrane of the oesophagus is 
thrown into a number of longitudinal folds. 
The ductus pneumaticus of the swim bladder 
opens into the oesophagus. T he oesophagus 
leads into the stomach . The stomach occu- 
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pies a position with the coils of the intestine 
ventral to it and the swim bladder on the 
dorsal side. The stomach is divided into an 
anterior cardiac stomach and a posterior 
pyloric stomach. The mucous membrane of 
the cardiac stomach exhibits honeycomb 
appearance, while that of the pyloric sto¬ 
mach is longitudinally folded. The pyloric* 


of the intestine is characterised by having 
distinct longitudinal folds. The terminal 
part of the intestine is dilated to form a 
slightly dilated thinwalled sac called the 
rectum. Like that of the anterior part of the 
intestine, the mucous lining of the rectum 
exhibits indistinct oblique transverse folds. 
The rectum opens to the exterior through 



stomach passes into the intestine. The intes¬ 
tine is extremely elongated (measuring 
about 7/5 metres) and thin-walled. The 
intestine is more or less of uniform dia¬ 
meter and forms a number of coils. The 
mucous membrane of the intestine pre¬ 
sents different types of foldings. The an¬ 
terior portion of intestine shows oblique 
transverse folds, while the posterior part 


the anus located just in front of the urinoge- 
nilal opening. The pyloric: caeca are lacking* 
in Rohu. 

The digestive glands .comprise of the 
liver and the pancreas 9 . The liver is a massive 
gland of dark-brown colour. The liver is 
divided into a narrow right, lobe and a 
broader left lobe. The two lobes of the liver 
arc connected at three regions, anteriorly 
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by a median lobe, medially by a median 
connective lobe and posteriorly by a me¬ 
dian mass. The gall bladder is an elongated 
sac of about 8 cm in length and 2’5 cm in 
diameter. The gall bladder is located bet¬ 
ween the right and left lobes of the liver. A 
cystic duct, after originating from the 
anteroventral end of the gall-bladder, 
receives three hepatic ducts. 

HYDROSTATIC ORGAN 

The swim bladder is a thin-walled peri¬ 
visceral gas-filled sac. It lies in the cavity 
of the coelom and situated dorsal to the; 
gut. The swim bladder is divided into two, 
an anterior and a posterior chambers. The 
anterior chamber is connected to the oeso¬ 
phagus by a slender ductus pneumaticus. The 
swim bladder acts as the hydrostatic organ. 

RESPIRATORY SYSTEM 

Like that of Bhetki, there are four pairs of 
gills contained in the branchial chambers. 
Each branchial chamber is covered by 
operculum. Each gill has a double row of 
gill-Jilamentx and is supported by gill-arch 
with gill-rakers. The pseudobranch of the 
hyoid arch consists of a comb-like body. 
Each pseudobranch is composed of a single 
row of gill-filaments on the inner surface 
of operculum. The structure of the gills and 
the mechanism of respiration are similar to 
that of Bhetki. 

CIRCULATORY SYSTEM 

The circulatory system of Roliu is basi¬ 
cally built on the teleostean plan as ob¬ 
served in Bhetki. The heart is composed of 
a sinus venosus , an auricle and a ventricle. T he 
conus arteriosus is absent and is represented 
by a pair of valves. A nonconttactile 
bulbus aorta is present. The sinus venosus is 
proportionately larger and bears a pair of 
lateral appendages. It is spongy in nature. 

There are four pairs of afferent branchial 
arteries , each supplying deoxygenated blood 
to the respective gill. The ventral aorta 
divides anteriorly into the first two afferent 
branchial arteries. The second, third and 
fourth pairs of the afferent branchial arte¬ 
ries have separate and independent origin 
from the ventral aorta. 

After oxygenation, ‘ the blood from the 
gills is collected by efferent branchial arteries. 
The venous system, exactly like that of 
Bhetki, includes the paired anterior and 
posterior cardinals, unpaired hepatic and 


renal portal veins and paired subclavian 
veins. The renal portal vein is well-repre¬ 
sented. 

NERVOUS SYSTEM 

The brain of Rohu is typically built on 
the piscine plan. The cerebral hemispheres are 
small and undivided. The corpora striata are 
prominent, but the pallium is thin and non- 
nervous. The olfactory lobes are mode¬ 
rately developed. The reduced diencepha¬ 
lon is provided with a dorsal pineal body 
and a ventral pituitary body. The optic lobes 
are large with two large lobi inferiores on 
the ventral side. The optic chiasma is 
absent and the optic nerves simply cross 
one another. The cerebellum is conspicuous 
and prolongs anteriorly to form the valvula 
terebelli. 

There are ten pairs of cranial nerves in 
Rohu. The origin and branching of the 
cranial nerves are, as in Bhetki, similarly 
disposed. The organs of special sense are 
well-developed and are built cm the typical 
teleostean plan. The sense of taste is highly 
developed. Numerous taste-buds are pre¬ 
sent in the lips, in the epithelium lining the 
first three gill-slits and on the barbels. T he 
tactile receptors are abundant all over tin* 
body specially on the lips and barbels. The 
organisation of lateral line system, eyes and 
ears is strikingly similar to those of other 
bony fishes already described. The. ear is 
composed of utriculus, sacculus, lagena 
and three semicircular canals. The oto¬ 
liths are remarkably large in size and are 
three in number: (!) sagitta is present 
inside the sacculus, (2) asterisus fills the 
lagena and (3) lapillus is present in the 
utriculus. 

URLN(KiENFL AI. SYSTEM 

The kidneys are extremely elongated 
bodies extending along the whole length of 
the visceral cavity. These are situated to 
the dorsal side of the body wall above the 
swim bladder and arc distinct anteriorly 
but become partly fused in the middle 
region. The kidneys are of mesonephric type. 
The ureters , one from each kidney, open 
into a thin-walled urinary bladder situated 
ventral to the cloaca. The urinary bladder 
opens into the urinogenital sinus. 

The gonads become greatly enlarged 
during breeding season. In the males, the 
testes extend the whole length of the abdo¬ 
minal cavity. From the posterior end of 
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each testis, a vas deferens arises which finally 
opens into the urinogenital sinus. In the 
females, the ovaries are also paired struc ¬ 
tures which attain larger size than the 
testes. The oviducts are lacking. The eggs 
arc released in the body cavity from where 
the eggs emerge out through a pair of 
genital pores formed temporarily from the 
anterior wall of the urinogenital sinus . 

In Rohu, enormous number of eggs are 
laid at a time and the eggs sink to the 
bottom. Immediately after discharge tin* 
eggs come in contact with the spermatic 
fluid (milt) and fertilization takes place 
externally. The mechanism of cleavage and 
subsequent developmental sequences are 
not known in Rohu. It is expected that the 
development should be like that of other 
bony fishes. Labeo rohita is a fast growing 
carp. The eggs hatch within 2-13 hours. 
Freshly hatched youngs (hatchlings) have 
prominent yolk-sac attached on the ven¬ 
tral side of the body. Absorption of the 
yolk-sac requites 5-7 days and the young 
ones (called as fry) begin to feed. The fry 
attains a size from about 2 mm to 3 mm 
and is characterised by having fringed lips 
and a prominent vertical dark spot at the 
base of the tail which disappears in course 
of growth. When the fry becomes 5 nun 
long, it is designated as the fingerling 
which also varies from 5 mm 15 mm in 
length. Attainment of sexual maturity re¬ 
quires about two years. 

EXAMPLE OF BONY FISH - LATIMERIA 

Latimeria is a pec uliar bony fish belonging to the 
subclass Crossoptcrygii. It is ihe sole surviving re¬ 
presentative of the coelacanths. The discovery of 
this ‘living fossil' created a sensational history in the 
science of fishes. The first living specimen was 
caught at a depth of about 80 in near the eastern 
coast of South Africa in the year 1938. The fish was 
steel-blue in colour and measuring about 1*5 m in 
length. Miss C. Latimer, the then curator of the 
museum of East London (South Africa), suspected 
its peculiarities and preserved the skin of the fish 
with a special note on its principal characteristics. 
Professor J. L. B. Smith, a well-known Ichthyologist 
at Rhodes University of Grahams town identified 
the specimen as a coclacanth and gave the name 
Latimeria chalumnae after the name of Latimer. 
Extensive searches have been made to procure live 
specimens of the particular type of fishes. The 
second specimen was collected from the Anjouan 
Island (Madagascar) in 1952. Smith studied ihc 
animal in details and suggested a new generic name 
Malania. But a thorough study on the other speci¬ 
mens by Millot and his associates reveal the biology 
of these fishes and in course of time many other 
.coelacanths have been trawled around Comoro 
Islands (Madagascar) from the depths of 150-400 


in. All these fishes are large in si/.c and weighing 
uplo 80 Kg. It is now unanimously accepted that the 
generic name of all these coelacanths. discovered 
so far, will be Latimeria and Malania as suggested by 
Smith as a synonym, The knowledge about the 
anatomy of Latimeria is far from complete and the 
following account will give a general idea of the 
group. 

EXTERNAL STRUCTURES 

1 he body is covered with cosmoid scales. The 
scales arc round and overlap in such a fashion 
that the body becomes three scales thick. The pair¬ 
ed fins act as active swimming organs and are also 
used for movement at the bottom of the sea. The 
Laired Jins are of pedunculate type (Fig. 5.11 A. Cl). 
Each such tin has a short scale-covered lobe and the 
fin-rays are arranged on Ihe lip in a lan-shaped 
tashion. There are two dorsal Jins. The anterior 
dorsal is supported by a bony plate while the pos- 
lerior one is almost like that of paired fins. The tail 
is diphycercal with a small median lobe. Uke that of 
other lelcosts. the fin-rays supporting the fins are 
highly mobile. 

SKELETAL STRUCTURES 

The notochord persists as a massive uncouslneled 
rod-like structure. 'The vertebral column is represented 
by a hollow unossified tube with the ossified neural 
and haemal spines. The dorsal spines are hollow, 
hence the name of the group, coelacanths. 'Flic skull 
has a well-developed joint between a condyle ofthe 
posterior end of basisphenmd and a cavity at the 
anterior end of the occipital region of the skull 
(Fig. 5.4IB). The joint allows movement of the 
anterior portion of the skull and helps to catch the 
prey. 

DIGESTIVE SYSTEM 

Th v jaws and palate are provided with numerous 
minute, teeth. The l/uaal cavity is spacious and leads 
into a powerful muscular oesophagus. The oesophagus 
leads into a large hag-like stomach. The intestine is 
spiral and continues as the rectum and cloaca/ pouch. 
The intestine contains a complicated spiral valve. A 
median nodular organ (homologous with the rectal 
gland of selachians) is present which pours its secre¬ 
tion into the cloaca. The. cluneal pourh bears a 
urinogenital papilla. The liver is a bilobed structure 
with an enlarged gall bladder. The pancreas is well- 
formed. 

SWIM BLADDER 

The sivim bladder is variable in size and shape in 
different individuals. It arises as a tube of 3 8 cm 
in length from the ventral side of the oesophagus 
and continues backwards to occupy the dorsal side 
of the abdominal cavity. The cavity of the swim 
bladder is greatly reduced and contains about 95% 
fatty tissue. The flesh of Latimeria is also excessively 
oily in nature. The swim bladder is neither a hydro¬ 
static nor a respiratory organ. 

RESPIRATORY SYSTEM 

Respiration takes place by the gills. There is a 
deep spirocular pouch in Latimeria which lacks man¬ 
dibular pseudobranch and external opening. The 
gills are composed of a small hyoidean hemibramh on 
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the posterior surface of the hyoid arch and four hoio- 
branchs. The fifth branchial arch is greatly reduced 
and lacks gill. 

CJIRGU LATORY SYSTEM 

The heart is a very simple structure. It is composed 
oi sinus venosus and auricle, located behind the ventricle 
and conus arteriosus which bears four rows of endo¬ 
cardial thickenings on its inner wall. These thicken¬ 
ings represent the pseudovalves or reduced valves. 
Presence of such valves speaks about the primitive 
condition. The red blood cells are large in size re¬ 
sembling that of dipnoans and amphibians. 


NERVOUS SYSTEM 

The brain is small and occupies less than one- 
hundreth part of the cranial cavity. The rest of the 
space is filled up with fatty substance. There is a 
large corpus striatum in the forebrain and the roof is 
very thin. 

SENSE ORGANS 

Besides the eyes, internal ears and lateral line sense 
organs , there are two peculiar sense organs in the 
rostral region (Fig. ft.41 D). A large sac-like median 
organ of unknown function communicates with the 
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Fig. “>.11. Structures of !* Latimeria. A. External structures. B. Anatomy of the head region. G. 
Dorsal view of the: skeleton of pectoral fin. D. Rostral sensory organ. 
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exterior by three rostral tubes on each side of the 
snout. The rostral organ is not connected with the 
olfactory organ and is filled up with a gelatinous 
substance. It bears similarity with the ampullae of 
Lorenzini. The rostral organ is innervated by the 
superficial ophthalmic nerve. The other sensory 
organ is olfactory in function. It is a paired struc¬ 
ture and communicates with the exterior by nasal 
tubes. 

URINOGENITAL SYSTEM 

The kidneys are fused to form a median slruciurc 
and remain attached to the ventral wall of the 
abdominal cavity. The ventral position of kidney is a 
peculiar occurrence and not found in other verte¬ 
brates. There are two ureters , each of which dilates 
into an expanded bladder. The ureters open into 
the urinogenital papilla. The gonads are usually paired 
and the gonoducts open between the bases of the 
pelvic tins. 

ZOOLOGICAL IMPORTANCE OF I.AT1- 

MER1A 

The crossoptcrygians constitute a peculiar collec¬ 
tion of fishes which throw much lighL on the prob¬ 
lems of the origin of land vertebrates. The 
coelacanlhs, a side line of the crossopterygians. 
draw a special interest because these fishes sur¬ 
vived for much longer period of times than any 
other vertebrate forms. Originating from the 
common emssoptrrygian ancestor possibly in the 


late Devonian, 'they lived almost without any 
significant change for such a long span of time. 
The first coelacanlh lossih Coelacanthus . was dis¬ 
covered in Carboniferous and that of Undina during 
Mesozoic era. Coelacanthus was a fresh water 
form and Undina was marine. Many fossil 
forms of the Mesozoic era have been discovered. 
No coclaranth was recorded beyond Mesozoic 
era. It was then naturally thought that the 
group to have become extinct for about 50,000,000 
years. But the discovery of a living exifmple of the 
group, Latimeria in the year 1938 added a new 
dimension to our knowledge. I.atimeria persists 
since the Jurassic time or earlier with very little 
change. File anatomical organisation of Lntimcria 
is very peculiar and presents the development of 
structures parallel to those of the Trlcostci rather 
than the dipnoans with which it shares its ancestry. 
What, causes Lalimcria to remain practically un¬ 
changed for such a long period of time is not under¬ 
stood. Several features are found to be paedomor- 
phic in Latimeria. which may be responsible for 
such a. long survival. 

EXAMPLE OF BONY FISH— DIPNOI 

'Fhe dipnoans are generally called the ‘lung 
fishes’. The group, Dipnoi owes its name from the 
presence of two internal nostrils. Standing on the 
basic piscine platform, dipnoans possess many 
interesting features that the early fishes have gone 
through to become the land vertebrates, especially 



Fig. 5.42. Showing the discontinuous distribution of the living dipnoans. (A) Protoptetus, (B) 
Lepidosiren and (G) Neoceratodus. Note that Lepidosiren is present in South America, Protopterus m 
Africa and Neoceratodus in Australia. 
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the amphibians. This makes the systematic position 
of the group controversial. The dipnoans evolved 
during the middle Devonian and flourished well in 
the Permian and Triassic periods. They became 
rare after Triassic and survived now by three 
specialised genera. 

GEOGRAPHICAL DISTRIBUTION 

The fact that closely related species exist in wide¬ 
ly separate^,places without having any form in the 
intermediate territories, presents problems which are 
difficult to interprete. The same is true in case of die' 
dipnoans living to-day. The dipnoans arc represent¬ 
ed by three surviving genera, Neoceratodus in Austra¬ 
lia (only in the Burnett and Mary rivers of Queens¬ 
land), Protopterus in tropical Africa (ranging from 
the river Senegal, While Nile, Lake Tanganayika 
and Zambesi river) and Lepidosiren in tropical South 
America (in river Amazon and its tributaries) 
(Fig. 5.42). Protopterus and Lepidosiren belong to 
a same family, Lepidosircnuhie and Neoceratodus 
is the only genus of the family, Gcralodonlidae. It is 
apparent that despite of the oceanic barriers sepa¬ 
rating them, the living dipnoans have special re¬ 
lationship. The palaeontological records show that 
the dipnoans were once enjoyed almost world-wide 
distribution. Their persistence in the Southern 
parts of the globe and their complete absence from 
Asia can be explained on the assumption that the 
southern parts became separated from Asia before 
the evolution of the dipnoans. 

HABIT AND HABITAT 

The three living dipnoans inhabit the rivers and 
are also capable to breathe air by the ‘lungs’. 
Protopterus lives in large lakes and rivers of tropical 
Africa. It can survive when the rivers become com¬ 
pletely dried up in summer. It can dig into the mud 
and aestivate (summer sleep) there for at least: six 
months in a ‘cocoon’ made out of day and mucus 
(Fig. 5.4:1). The mouth of the cocoon is closed by a 


Protopterus embedded in mud respiratory tube 



Fig. 5.43. Protopterus aestivates during summer. 
Note that the animal is curled inside a waterproof 
cocoon with a respiratory tube running from the 
mouth to the tunnel. . 


lid which is perforated by a minute pore for carry¬ 
ing out breathing. During the period of aestivation, 
nutrition is supplied by the stored fat. Tranship¬ 
ment is possible from one place to other when the 
fish is enclosed in a cocoon. This habit of aestivation 
is adopted by the group since the Permian period. 
This fact is attested by the remains of cylindrical 
burrows associated with fossilised dipnoan bones. 
Lepidosiren has also the property of aestivation to 
escape death during the summer. It lives in rivers 
which become shallow and stagnant in summer, 
but never dried up completely. It lives mostly at the 
bottom of the river. During summer when the 
water level becomes low and toxic due to the de¬ 
composition of the organic materials, Neoceratodus 
can thrive well by switching over to the pulmonary 
respiration. When the water is plenty and oxygen 
is easily available, Neoceratodus adopts gill respira¬ 
tion. Neoceratodus dies if it is taken out of water. 

All the surviving genera of the lung fishes arc 
sluggish in nature and are bottom dwellers. They are 
carnivorous, although Lepidosiren sometimes feeds 
cm plant materials. It lives mainly on snails. Pro¬ 
topterus is predaceous in nature and feeds on worms, 
crustaceans, insects, frogs and many other small 
animals. These fishes are often found to attack their 
own species and bite off portions of the limbs, tail 
and other parts of the body. The lost parts are cap¬ 
able of regeneration. Neoceratodus is also a carni¬ 
vorous fish which devours molluscs, crustaceans and 
other worms. 

In Lepidosiren and Protopterus, parental care is 
present. The eggs .are laid in the muddy nests. The 
nest is simply a tunnel of about 30 cm deep. The 
males usually guard the nest till the development is 
complete. The parental care is highly specialised 
in Lepidosiren when the pelvic fins become special¬ 
ly modified during breeding season. The pelvic tins 
become greatly enlarged and highly vasculariscd. 
The significance of such modification is either to 
release excess of oxygen to the surrounding water 
for the respiration of the developing youngs or 
possibly act jxs accessory respiratory structure to 
compensate aerial respiration while remaining 
around the nest. 

EXTERNAL STRUCTURES 

The three extant dipnoans have elongated pis¬ 
cine body covered by the overlapping cycloid 
scales. The scales are thin, but in the fossil genus 
Dipterus . the scales are thick and covered by cos- 
mine. The dorsal . anal and tail fins are continuous 
and are supported by partly calcified fibre-like rays 
called the camptotrichia. Two small dorsal fins are 
present in Dipterus. The pectoral and pelvic fins are 
usually designated as the ‘limbs’. These are extre¬ 
mely elongated, filamentous and are devoid of fin- 
rays. These are highly mobile and help in ‘walk¬ 
ing’ along the bottom by using the so-called limbs 
as the ‘legs*. The paired fins in all of them are typi¬ 
cally of ‘archipterygial’ types having an axis with 
two rows of radials . The tail is diphymeal in the living 
genera, but in Dipterus it is heterocercol with a small 
epichordal lobe. The operculum and a slit-like bran¬ 
chial aperture are present on either side. The spiracles 
arc absent. The external nostrils are enclosed with 
the upper lip and two internal nostrils open into the 
mouth cavity. The lateral line sensory system is well- 
developed. The cloacal aperture lies at the root of the 
tail. Two abdominal pores usually open into the 
cloaca. 
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SKELETAL STRUCTURES 

'The internal skeleton in the dipnoans is largely 
cartilaginous in nature. It is composed of axial and 
appendicular skeleton. 

Axial Skeleton. The notochord persists as an un¬ 
cons trie! ed rod anti is ensheathed by tough fibrous 
covering, lhe vertebrae arc represented by paired 
neural or basidorsal and bamentral cartilages which 
form the neural arches in the trunk and both the neu¬ 
ral and haetnal arches in the tail region respectively. 
The vertebrae lark centra. Distinct joint between the 
skull and vertebral column is lacking. The pleural 
ribs , like that of others telcosts, are present in the 
body wall. . 

The skull shows the tendency towards reduction 
of bones in the roof. The anterior part of the roof is 
incomplete. The roof and walls of the cranium are 
mostly composed o i' parietals andfrontoh. The cranial 
floor is formed by the parasphenoid. The pa rasp hc- 
noid is expanded and assumes rhombic shape. The 
premaxillae , maxillae and nasals are totally absent. 
The vomer is narrow. The jaw suspension is auto- 
stylus because the mandible is attached with the skull 
by a palatoqundrate. The lower jaw is composed of 
paired Meekers cartilages , too tit-bearing toronoid and 
supraangulars. In NeoecraIndus, (he vestigial denla- 
ries are present. The hyoid and branchial arches arc 
all cartilaginous in nature. The branchial arches 
bear the gill rakers. 

Appendicular Skeleton. The pectoral girdle consists 
of a stout cartilage with a pair of investing bones, 
the cleilhra and infraclavicle. The pectoral girdle 
is attached to the skull by ligament. The pelvic: girdle 
is composed of a cartilaginous plate with a long 
epipubir and prepuhic processes. Each pec toral fin con¬ 
sists of a long basal cartilage, a central axis with rows of 
jointed cartilaginous radials. The central axis is 
made up of small cartilaginous pieces with preaxial 
and postaxial radials on the sides. The pelvic firi has 
the similar structure except: that the preaxial radials 
are lacking. 

DIGESTIVE SYSTEM 

'l he food of the lung fishes consists largely of the 
invertebrates (specially the molluscs) and decom¬ 
posed vegetation. The teeth form characteristic 
tooth-plates for crushing the molluscan shells. The 
tooth plates are formed by the fusion of many small 
denticles. The tooth-plates are borne on the bony 
plates. Each tooth-plate is produced into three 
major cusps. 'I hc shape and disposition of the tooth- 
plates depend on the degree of adaptation to crush¬ 
ing and shearing the molluscan body. The alimen¬ 
tary canal is a simple tube. The pharynx leads into 
an oesophagus. The lung fishes lack distinc t stomach. 
The posterior region of the oesophagus shows slight 
dilatation which is regarded by many as a part of 
the stomach (Fig. 5.44A). The cavities of the sto¬ 
mach and intestine arc. separated by a flap-like 
pyloric valve. The intestine is ciliated and contains a 
spiral valve running along the entire length of the 
intestine and makes about six and a half turns (Fig. 
5.44C). The spiral valve ends to a short distance 
from the cloacal aperture. This portion is designat¬ 
ed the rectum which opens into a small cloaca. The 
cloaca extends upward to the urinogenital papilla 
and then forwards as a dosed bladder (rectal 
gland). The cloacal aperture is situated on the left 
side of the median fin. 


The live r is a single massive gland which is slight¬ 
ly divided into two unequal lobes. The liver lies 
ventrally to the right side of the stomach. The gall 
bladder is large and situated on the left margin of 
the liver. The pancreas remains embedded within the 
walls of the gut. 'The islets o f Langerlums have not seen 



Fig. n.44. Digestive system of Protopterus. A. Show¬ 
ing the alimentary canal and its relation to the liver. 
B. A portion of the anterior part of the intestine is 
cut opened to show bursa cnliana. C. A part of the 
intestine is dissected to show the spiral valve. 


in the pancreas of the. dipnoans. The spleen is com¬ 
posed or vascular tissue and is attached to the right 
dorsolateral wall of the stomach. The alimentary 
canal exhibits little histological difference and the 
whole of the gut is lined by columnar, ciliated and 
goblet cells. The gut, particularly its posterior por¬ 
tion is kept in position by a ventral mesentery which 
is attached to the ventral body wall. 


RESPIRATORY SYSTEM 

Both the gill and pulmonary respiration take 
place in the lungfishes. Although the dipnoans 
possess the gills as well as lungs, they use mostly 
the lungs. The nostrils help in aerial respiration. 
The external nostrils lie at the margin of the mouth 
and the internal nostrils open into the buccal cavity. 
A slit-like glottis is present in the floor of the oeso¬ 
phagus which opens into a short trachea. The trachea 
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passes into the lungs around the right side of the 
oesophagus. The glottis is provided with a fibro¬ 
cartilaginous plate which resembles the epiglottis. 

The swim bladder is modified into the ‘lung’ 
which is similar to that of other tetrapods in struc¬ 
ture and function. The main difference lies in its 
topography. The lung is placed dorsal to the gut 
while in the tetrapods it is ventral. The dorsal posi¬ 
tion of the lung in the dipnoans is regarded to be the 
result of shilling from its original ventral to the 
dorsal side. The walls of the lungs contain muscle 
fibres and the internal cavity produces numerous 
alveoli which lead into minute alveolar sacs. In Pro- 
topterus and Lepidoxiren the supply of blood to the 
lungs is elaborate. The blood is supplied to the lungs 
by the sixth embryonic right afferent branchial arch 
as seen in amphibians. The blood from the lungs is 
returned by a special pulmonary vein. 

The aquatic respiration takes place by the gills. 
The gill structure is similar iri many respects to that 
of other crossopterygians except the absence of 
mandibular pseudobranch and having only a vestigial 
mandibular pouch. Neoccratodus, the most aquatic of 
the dipnoans, possesses an hyoidean hemibranch and 
four holobranchs. In the lungfishcs which depend 
more on the aerial respiration, the gills help in the 
excretion of carbon dioxide. Protopterus and Lepi- 
dosiren obtain 98% of their oxygen from the air. 

CIRCULATORY SYSTEM 

The circulatory system is highly developed. The 
blood is composed of all the cellular entities observ¬ 
ed in the higher vertebrates. The introduction of 


The heart of the lungfishcs consists of four 
chambers, the sinus venosus, auricles , ventricle and 
conus arteriosus. The sinus venosus is incompletely 
divided into two parts. It opens into the auricle by a 
broad sinuauricular opening. The auricle becomes 
dilated on either side of a thin and perforated inter- 
auricular septum, i.e., the cavity of the auricle is almost 
divided. As the septum contains pores, the blood of 
the two auricular cavities becomes mixed up. The 
right cavity of the auricle receives venous blood 
from the sinus venosus while the left cavity gets oxy¬ 
genated blood from the pulmonary vein. The 
pulmonary' vein from the lungs passes through the 
sinus venosus. The auricles are communicated with 
the ventricle by a large auriculoventricular aperture. 
This aperture is plugged by a large fibrous cushion 
called the auriculoventricular cushion. It is continued 
into the ventricular cavity as an incomplete inter¬ 
ventricular septum. Although the ventricle appears 
to be divided into two parts by the presence of sep¬ 
tum, the ventricular cavity is single and lies anterior 
to the so-called interauricular septum. The presence 
of auriculoventricular cushion is peculiar and the 
auriculoventricular aperture may be opened or 
closed by raising or lowering die cushion. The 
conus arteriosus becomes spirally twisted and the 
cavity becomes complicated by the presence of 
valves. The spiral valve is present which begins ven- 
traily and extends forward to the anterior end of 
the conus. Three rows of proximal valves are present 
in the conus of Protopterus and Lepidosireri. But 
in Neoceralodus the conus lacks the spiral valve 
and a series of semilunar valves marks the course. 
There arc a few rows of proximal and two row's of 
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Pig. 5.45. Diagrammatic sectional (longitudinal) view of the heart of (A) Protopterus and 
(B) jVeoceratodus (after Jollie). 


pulmonary respiration in the lungfishcs results into 
the attainment of much complicacy in the cardiac 
structure. The hcarHs enclosed in a stiff pericardium. 
The heart is situated somewhat posterior to the gills. 
The heart of Protopterus and Lepidosiren is typi¬ 
cally built on the same plan, but in Neoccratodus 
the heart is slightly different (Fig. 5.45.) 


distal valves in the conus of Neoccratodus. The 
valves in the conus are so arranged that the blood 
from the right side of the auricle is directed into 
the last two branchial arches and that from the left 
side into the first two. By this w'ay a tendency 
towards the separation of systemic and pulmonary 
circulations is achieved. 
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Fig. 5.46. Schematic diagram of the anterior pari of the aortic arches and their branching in 
(A) Protopterm and (B) Neocerntodus (after Jollie). 


The lungfishes possess inconspicuous ventral aorta 
and the four afferent branchial arteries arising from the 
anterior end of the conus immediately outside the 
pericardium (Fig. 5.46). The afferent artery carrying 
blood to the hyoidean hernibranch originates from 
the first one. 

The arches bearing gills are provided with aff¬ 
erent and efferent branchial divisions. Two efferent 
branchial arteries from each gill bearing arch join 
to form four epibranchiul arteries. These four cpibran- 
chial arteries of either side join lo form a single 
median dorsal aorta. The pulmonary arteries carry the 
blood to the lungs. Neoceratodus is peculiar by 
lacking the second efferent, branchial vessel. In all 
the lungfishes, a coronary artery is present which arises 
from the anterior efferent branchial arches. 

The venous system presents certain advanced 
features which are not observed in other fishes (Fig. 
5.47). The blood from the anterior part of the body 
is returned to the heart by two precavals or ductus 
Cuvieri. Each precaval is formed of an inferior jugular , 
anterior cardinal and subclavian veins. But the left pre¬ 
caval, in addition to the three veins, receives the 
posterior cardinal vein. The posterior parts of both the 
posterior cardinal veins constitute the renal portal 
veins and are connected by interconnecting cross 
channels. Presence of an inferior vena cava is a charac¬ 
teristic feature in the venous system of lungfishes. 
This vessel collects majority of the blood from the 
posterior part of the body and conveys it directly to 
the sinus venosus. The inferior vena cava enters into 
the liver and also receives the hepatic veins. The hepa¬ 
tic portal drains the intestine by the subintestinal 
and infraintestinal veins. Both the inferior vena cava 
and the left posterior cardinal vein have formed by 
the ren d veins draining blood from the kidneys. Both 
these veins receive segmental and genital veins in their 
wfcy to the heart. The blood from the tail region is 
carried by a caudal vein which is bifurcated into two 
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renal portal veins. The renal portal veins break up 
into capillaries inside the kidneys. In Neoccratodus, 
the caudal vein opens into the inferior vena cava 
and not into the renal portal veins as seen in other 
two genera. In Neoceralodus, the renal portal vein 
is connected by a ventral abdominal vein and the caudal 
vein by the lateral cutaneous veins. 

The pulmonary veins carrying bipod from the lungs 
unite to form a common* pulmonary vein and opens 
into the left'auricle. The venous system presents 
many peculiarities and the posterior portion shows 
an intermediate stage between that of Clhondri- 
ehtbyes and Amphibia. 

NERVOUS SYSTEM 

The brain of Jungfishex (Fig. 5.48) shows many 
characteristics resembling that of amphibians. The 
telencephalon becomes evaginated into a pair of well- 
marked cerebral hemispheres. These are elongated 
structures and united at the posterior ends but are 
distinct anteriorly. The olfactory lobes are sessile and 
lie dorsal to the anterior ends of the cerebral hemi¬ 
spheres. The roof of the cerebral hemispheres is thin 


A peculiarly lobed saccus endolymphaticus (or endoly¬ 
mphatic sacs) lies above the medulla oblongata. This is 
formed by the backward extension of the internal 
ear and the significance of this structure is not 
known. 

The cranial nerves are basically similar to that of 
other teleost. A sympathetic nervous system is asso¬ 
ciated with the vagus nerve. An ill-developed lateral 
line sense organ is present. In the living dipnoans 
this system resembles closely that of amphibian 
larvae. The sensory organs are placed in grooves in 
Protoptcrus, while in others these are lodged inside 
the canals in the skin. But the pattern of develop¬ 
ment of this lateral line sensory system is basically 
same in the lung fishes. 

ENDOCRINE SYSTEM 

'The adrenals of dipnoans are represented by 
inierrenal and chromaffin tissues. These tissues become 
intermingled and arc situated along with the venous 
channels on the ventral aspect of the kidneys. These 
tissues function like the adrenals of the higher forms, 
specially that of mammals. 
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Fig. 5.48. Bruin of Protoptcrus. (A) Dorsal view, 
tudinal sectional view (after Jollie). 

but nervous in nature. The diencephalon is rclati- l 
vely small and its roof is formed of a large mass of 
choroid tissue, the saccus dorsalis. A pineal body is pre¬ 
sent on the saccus dorsalis and its stem extends back j 

towards the posterior commissure. The hypothalamus i 

bears small inferior lobes. The optic lobes arc slightly i 

developed and become fused to form single oval mass } 

in front of the cerebellum. The cerebellum is small i 

and forms a narrow h .nsverse ridge. The roof of ! 

the dienccphalon is covered over by anterior plexus 1 

which projects into the? third ventricle while the l 

fourth ventricle is formed of choroid plexus. The brain 1 

of Neoeeratodus is slightly different and the cere- < 

bral hemispheres are Smaller in size and the roof is 1 

membranous. In Neoccratodus the optic lobes arc i 

slightly separated and form paired lobes. 


(B) Ventral view. ((.) Diagrammatic longi- 

KXGRETORY SYSTEM 

The excretory system comprises of a pair of elon¬ 
gated kidneys which are separate anteriorly but are 
usually fused on the posterior ends. But in Lepido- 
siren, the posterior portions of the kidneys remain 
separate. The kidneys are of mesonephric type and 
remain in intimate contact with the gonads. As the 
spermatozoa pass out through the kidney tubules, 
this particular type of kidney is designated by 
Grcham Kerr as the opisthonephros. The kidneys ex¬ 
tend throughout the greater part of the visceral 
cavity. Two thick-walJed ducts, one from each 
kidney, may unite in Neoccratodus or may remain 
separate in Protoptcrus and Lepidosiren before 
opening into the cloaca. A cloacal bladder is present 
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on the dorsal side. The lung fishes normally 
excrete 30-70% of nitrogenous waste products 
through the gills in the form of ammonia. But during 
aestivation, the nitrogenous waste products are 
stored in die form of nontoxic urea because the 
cloaca 1 aperture becomes closed by the cocoon. 

REPRODUCTIVE SYSTEM . »' t 

The sexes are separate. The sexual dimorphism is 
absent excepting Lepidosiren where the males 
develop vascular papillae on the pelvic fins during 
the breeding season. 

Male Reproductive Organs. There are two elongated 
testes in lungfishes (Fig. 5.49B). In Lepidosiren and 
Protopterus, the testes are narrow bodies and are 
round in cross-section. But in Ncoceratodus the tes¬ 
tes are thick and triangular in cross-section. The 
testes arc enclosed by the fatty tissue and lie on the 
ventrolateral sides of the kidneys. In Protopterus the 


fuse to form a common sinus and ends blindly in the 

cloaca. 

Female Reproductive Organs. The ovaries are also pair¬ 
ed and elongated bodies (Fig. 5.49A). The ovaries 
are typically like that of other fishes and are kept in 
position in Protopterus by mesovarium but in Neo- 
ccratodus these are attached with the dorsal body 
wall. The oviducts are located on the lateral side of 
the ovaries. Each oviduct ^Mullerian duct) opens 
anteriorly into the body cavity by a fringed slit-like 
opening. The anterior part of the oviduct is 
greatly convoluted ami die posterior part is slightly 
expanded to form the uterus . The uterii join pos¬ 
teriorly to form a median vagina which opens into 
the urinugeuitaL sinus . In non breeding stage, the ovi¬ 
ducts are nearly straight but in breeding season these 
become highly convoluted. Flic eggs me shed free 
into the body cavity and carried out by the ovi¬ 
ducts. 



anterior half of the testis remains in contact with the 
body wall while its posterior half is suspended .by 
mesorchium. Flic testes of Protopterus are propor¬ 
tionately larger in size than that of Lepidosiren and 
extend the whole length of the body cavity. The 
testes are attached with the kidneys dorsally. The 
anterior end of the right testis in the dipnoans is 
attached with the liver while the left one extends far 
forward. The vasa differentia (numbering about six 
in Lepidosiren and Neoceratodus) open into the 
kidney ducts. But in Protopterus two vasa differen¬ 
tia unite at the posterior end. The Mullerian ducts 
are usually reduced. In Lepidosiren and Protopterus 
the arterior end of the Mullerian duct bears an 
opening in the larval stage while in adult it is closed 
j These ducts do not open into the urinary sinus. In 
Ncoreratodus, the Mullerian ducts of the two sides 


DEVELOPMENT' 

The eggs are minute (measuring 3.5-4 mm in 
Protopterus aetfiiopicus ) and shellless. In Lepidosiren 
the, first three cleavage planes are vertical (Tig. 
5.50) and arc restricted to the animal pole which 
subsequently extend around the vegital pole. Gra¬ 
dually the egg is divided into cells. The cells on the 
vegital side arc larger in size and contain yolk 
(mega meres) and that on the animal end are smaller 
(micromcrcs). A blastnla is produced which con¬ 
tains a blastocoel inside. Du King the onset of gastru- 
lation, the mega meres-invagina te through the blas¬ 
topore and the micromcrcs spread over the entire 
embryo. The gastrula elongates, neural folds are pro¬ 
duced and the developing embryo transforms into 
the larva. Each larva after hatching, attaches itself 
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to the substrata by the ventral sucker. The larva is a 
nonfeeding form and derives the nutrition from the 
yolk. In lungfishes the egg contains limited quantity 
of yolk, as a result fully-formed larva is very small. 
Four pairs of external gills arc visible in the larvae 
of Protoptcrus and Lepidosiren, while in Neocera- 
todus the opercular folds develop prior to the for¬ 
mation of the external gills. The external gills dege¬ 
nerate with the develofljnent of the lung. Vestiges of 



adhesive sucker 


Fig. 5.50. Development of Lepidosiren. (A) Four- 
celled stage. (B) Showing the third cleavage. (<J X ) 
An intact blastula. (C t ) Sectional view of blastula. 
D. Early larva. E. longitudinal sectional view of 
a late larva. F. A late larva showing the external 
gills. 


the external gills may persist in adult stage. The 
lungs in the dipnoans, like that of other tetrapods, 
develop as an outgrowth from the floor of the 
pharynx which becomes eventually shifted to the 
dorsal side of the gut. In Protopterus and Lepido¬ 
siren a peculiar structure of unknown function called 
the Pinku's organ is present. This structure is derived 
from the spiracular rudiment. Development of such 
a structure is not found in Nenccratodus. 

Three genera of the living lungAshes, Protoptc¬ 
rus, Lepidosiren and Neoceratodus have similar 
structural construction. These forms differ in minor 
points which are primarily due to the different 
modes of adaptations. The differences existing bet¬ 
ween them are tabulated in Table Chordata- 5. 

AFFINITIES 

From the anatomical standpoint, the dipnoans 
form a sort of structural bridge between the fishes 
and the amphibians. Like that of other fishes, the 
dipnoans possess gills and spend life in water. But 
unlike fishes, the lungfishes can survive long dry 
spells by respiring through the air-breathing lungs 
like that of amphibia. The paired fins are also used 
much the same ways the amphibians employ their 
limbs. Because of this fact many workers postulate 
that the dipnoans hold the ancestry of the amphibia. 
Before going into the details of the phylogenetic con¬ 
sideration, the affinities with the different group of 
fishes and with the amphibia are considered first. 

RELATIONSHIP WITH FISHES (iN GENERAL). The 
lungfishes show close similarity with the fishes and 
their piscine, affinity is well established. The charac¬ 
teristics by which the lungfishes resemble with the 
fishes arc: (1) 'The notochord is persistent. (2) The 
vertebrae lack centra. (3) The skull shows little ossi¬ 
fication wiLh many investing bones. (4) Four to six 
branchial arches are present. (5) The dermal fin- 
rays arc slender and arc largely ossified. (f>) The 
body is covered by overlapping cycloid scales. 
(7) The tail fin is diphycercal. (8) The gills consti¬ 
tute the respiratory organs to absorb the oxygen 
which remains dissolved in water. (9) The lateral 
line sense organs are present. But flu* relative posi¬ 
tion of the lungfishes amongst the bony fishes is con¬ 
troversial because they bear many primitive features 
by which they resemble the clasmobranchs. 

RELATIONSHIP WITH EI..ASMOBKANC1 IS. The luilg- 
fishes resemble the elasmobranrhs by having (1) 
similar conus arteriorsus, (2) spiral valve in the intes¬ 
tine, (3) similar construction of the female repro¬ 
ductive system, (4) identical diencephalon and (5) 
no nephrostonie in the kidney tubules. These simi¬ 
larities speak about the primitiveness of the dip¬ 
noans. 

RELATIONSHIP WITH OSTEICHTHYES. The llHlgfishes 
and ray-finned bony fishes are included under 
the class Osteichthyes. But as regards the intraclass 
affinities of the group, the relationship with the sub¬ 
class Grosspterygii is quite close. The lungfishes rese¬ 
mble with the subclass Actinoptcrygii by having: (1) 
Similar lobate paired fins. (2) Presence of cosmine 
covering the cycloid scales and skull bones in Dip- 
tcrus. (3) Paired inferior jugular veins are present. 

(4) Presence of powerful palatine and splenial teeth. 

(5) Presence of blunt snout with ventral nostril. (6) 
Presence of swim bladder, although modified into 
‘lungs’ in dipnoans. (7) Presence of operculum. But 
the similarities with other crossopteigians are 
very close. The common features are: (1) Presence 
of internal nostrils. (2) The tail fin is diphycercal. 
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TABLE CHORDATA—5 


Features 

i 

PROTOPTERUS j 

I.KPIDOS1REN MiOCI.RATOni’S 

1. Distribution 

Tropical Africa. 

Tropical South America. Australia. 

2. Habitat 

Inhabits the river and j 
large lakes. It aestivates j 
when the river becomes ; 
completely dried up in ; 
summer. 

Like Protopterus, Lepi- , ' It lives in.river which 
dosiren also aestivates : becomes shallow in sum- 
during summer. nur, but never dried up 

: completely. It lives in 
that toxic water by adop¬ 
ting aerial respiration. 

! Aestivation is absent. 

| The lungs work in con- 
| junction with the gills. 

3. Feeding habit 

f 

Carnivorous and eats ! 
the worms, crustaceans, 
insects, frogs and many j 
other animals. Sometimes 
this fish attacks the same 1 
species. 

Mostly carnivorous and j Carnivorous* fit h 

sometimes feeds on plant j which devours molluscs, 
materials. It is not exelu- | crustaceans and various 
sivelv carnivorous. i worms. 

j 

4. Length 

1.80-2.10 rn in length. 

1.20 m in length, l.. r »0 in in length. 

o. Paired appen¬ 
dages 

Elongated and slender 
with extremely reduced 
radials. 

Like that of Prolopte- Broad and leaf-like 

rus. with highly developed 

radials. 

6. Eyes 

Smaller and ill-deve¬ 
loped. 

Moderate size and Like that of Lrpido- 

well-devcloped. siren. 

7. Skull 

The skull lacks fonta- 
nelles. \ 

Frontanelles are pre- Frontanclles are ab¬ 
sent. sent. 

8. Lower jaw 

_ ...___ 

j True splenial and den- 
j taries are present. 

True splenials and The splenials and den- 

dentaries are present. tries arc vestigial. 

*1. Lungs 

Two lungs are present, j 

'l\vo lungs are present, j Only one iung is pre¬ 
sent which is possibly 
due to the suppression 
of the original left lobe. 

10. Hvoiclcan gill 

1 Is a hemibranch. 

i _ 

A hemibranch like Is a pseudobrancli 

that of Protopterus. which is supplied by an 

artery from the first 
efferent branch. 

M. External gills 
and sueker 

I Four pairs of external 
: gills and suckers are pre- 
| sent in the larva. Vestiges 
i of these external larval 
j gills may persist in the 
i adult. 

i _ . . 

Four pairs of external As the operculum de¬ 

gills and suckers exist in ; velop earlier than the 
the larva which are total- . formation of the gills, 
ly absent in the adult. : external gills are absent 

in the larval stage. 

12. Accessory res¬ 
piratory organ 

| The gills and the lungs 
! are the main respiratory 
! structures. No accessory 
j respiratory structure is 
! developed. 

During breeding sea- No accessory respira- 

son, vasculai filaments tory organ is present, 
are developed in the pel- . 
vie fins of male which 
serve as the accessory ; 

respiratory structure ■ 

besides the gills and ; 

lungs. | 

. ', ~. — f 

13. Abdominal vein 

Absent. 

Absent. ■ An abdominal vein is 

present which originates 
from the union of the 
; pelvic veins. 
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TABLE CHORDATA —5 (cOtltd.) 


Features 

PROTOPTERUS 

Lepidosiren 

Neoceratodus 

14. Conus arlerio- 

A spiral valve and t hree 

Exactly similar to that 

The conus arteriosus 

sus 

rows of proximal valves 
are present. 

! 

of Protopier us. 

lacks the spiral valve. 
Both the distal and pro¬ 
ximal rows of valves arc 
present. 

15. Optic lobes 

Unpaired. 

Unpaired. 

Slightly separated and 
form paired lobes. 

lfi. Lateral line 

; The sense organs are 

The sense organs arc 

Similar to that of 

sense organs 

| lodged in grooves. 

placed inside the canals 
! in the skin. 

Lepidosiren. 

17. Kidneys 

Extremely elongated j 
| bodies and the posterior 
| ends are fused with each j 
other. 

Like that of Pro top terus 
but the posterior ends re¬ 
main separate. 

Similar to that of 
Protopterus, but the kid¬ 
neys are not so elongated. 

18. Ureter 

Two ureters, one from 
: each kidney, remain sepa- 
j rate. 

Like that of Protopte- 
rus. 

Two ureters may unite 
before opening into the 
cloaca. 

19. Testes 

The testes art: donga t- 
! ed narrow bodies and 
round in cross-section. 

! 

Similar to that of Pro- 
top terus, but extremely i 
elongated extending the j 
entire length of the body 
cavity. 

The testes are thick 
and triangular in cross- 
section. 

20. Sexual dimor¬ 
phism 

Absent. 

* 

Present during breed¬ 
ing season when the males 
develop vascular fila¬ 
ments in tlic pelvic fins. 

Absent. 

' 

21. Pin ku’s organ 

Present. 

Present. 

Absent. 


(3) Existence of cosmine covering the scales. (4) 
Similar skull bones. (5) Presence of swim bladder 
functioning as the lung. (6) The intestine contains 
spiral valves. (7) The conus artcriorsus is contrac¬ 
tile. (8) External gills are present in the larvae. 
Such a close similarity existing between the groups 
suggest the contention that the lungfishcs are 
phyiogenctically related with the other crossoptery- 
gians. 

REL ATIONSHIP WITH AMPHIBIA. TllC luilgflsllCS l'C- 
semble the amphibians by many characteristics. 
The common features are: (1) The presence of 
vomerine teeth. (2) The Jungs are capable of pul¬ 
monary respiration. A pulmonary artery and a 
pulmonary vein are present. (3) The circulatory 
system of dipnoans resembles that of amphibian by 
many points, viz., the spirally twisted conus arte¬ 
riosus is divided into two by a longitudinal parti¬ 
tion. The auricle and the sinus venosus are imper¬ 
fectly divided into two parts. The pericardium is 
thin walled. The Ventral aorta is short. Similar in¬ 
ferior vena cava and the presence of anterior abdo¬ 
minal vein. (4) The skin*glands arc multicellular. 

(5) Presence of dermal scales in Gymnophicma. 

(6) The brain of the lungfishcs resembles that of 
amphibia specially in th^ structure of the cerebrum 
and cerebellum. (7) The spermatozoa arc carried 
through the excretory part of the mesonephros. 


(8) The structure of egg and ihc development are 
similar. |9) The larvae of Lepidosiren and Prolop- 
terus possess the external gills and sucker. In some 
species of Proloptcrus external gills may be persis¬ 
tent. (10) The jaw suspension is autostylic. 

Although the dipnoans resemble the amphibians 
by a number of features, there are many individual 
specialised characteristics by which they are sepa¬ 
rated from the amphibians. These are: (1) The skull 
is largely cartilaginous with little ossification. (2) 
The maxillae and premaxillae are absent. (3) Some 
anterior vertebrae become fused with the skull. 
(4) Presence of characteristic tooth plates. (5) The 
lungs are located dorsal to the gut. The common 
characteristics present in the lungfishcs and am¬ 
phibians are due to their evolutionary converge¬ 
nce and are possibly resulted as the adaptive modi¬ 
fications to a similar environmental condition. 

The lungfishcs possess real lungs and Neocerato- 
dus even ‘walks’ across the muddy bottoms of the 
river by using the paired fins like the ‘legs’. This fact 
tempts one to think that these fishes have some direct 
connection with the forms which led to the origin 
of land vertebrates. From the anatomical standpoint, 
the dipnoans exhibit close similarities with the bony 
fishes, specially with the rhipiditians in one hand 
and the amphibians on the other. This transitional 
status/of the dipnoans makes this group of fishes 
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interesting. The contention of holding the direct 
ancestry of the land vertebrates is proved to be un¬ 
true now-a-days. But their relation with the ances¬ 
tral stock of the land vertebrates is supported by 
numerous evidences. The dipnoans, although survi¬ 
ve by only three genera live in widely separated parts 
of the earth, have left behind a complete geological 
succession of the extinct dipnoans leading to the 
modern forms. All the dipnoans arc united under a 
common order by a number of characteristics. 
These features are: (1) The presence of internal 
nostrils. (2) The scales and bones arc covered by 
cosmine. (3) The aulostylic mode of jaw suspension. 
(4) The peculiar pattern of teeth. Presence of these 
features also testify the biological truth that Lhe 
lungfishes have evolved from a common ancestor 
with the other crossopterygians. The earliest known 
fossil dipnoan is represented by the genus, Dip (crus 
{Dipnorhynchus is supposed by many to be more pri¬ 
mitive than Dipterus). Dipterus possesses the follow¬ 
ing primitive features: (1) The body is covered by 
stout cosminc covered cycloid scales. (2) Two small 
dorsal fms arc present. (3) The tail fin is of hetcro- 
cercal type with a small epichordal Jobe. (4) 
Numerous conical teeth arc present. During the 
course of evolution the following changes have been 
undergone to become the modern lungfishes: (1) 
Fusion of median fins to form a continuous one. 

( 2) Reduction in the number of dermal plates in Lhe 
skull. (3) Change over from the hctcrocercal to 
diphycercal tail. (4) Fusion of the conical teeth to 
form characteristic tooth-plates with ridges. (5) 
Reduction in the number of opercular bones. 
Dipterus is fundamentally akin to the most primi¬ 
tive crossopterygian, Osteolepis. The scales and the 
head bones of Dipterus are strikingly similar to 
that of the contemporary crossopterygians. The 
semblances in some cases arc so close, their relative 
position within the subclass becomes sometimes 
confusing. 

The amphibians have evolved from the crossop- 
tcrygian ancestor. This particular aspect is dealt: iu 
details in the Chapter—fi. The crossopterygians are 
ieprcsentcd by two groups, the rhipidistians and the 
dipnoans. Although both the groups arc on the verge 
of their racial passing, they give us an insight of the 
emergence of the land vertebrates. A survey oF their 
past geological history suggests that the rhipidistian 
line and the dipnoan line converge back as we follow 
them further backward. This is evidenced by the 
presence of close similarity in the earlier represen¬ 
tatives of both the above groups. 'L he dipnoans cons¬ 
titute a very primitive race and possess many pri¬ 
mitive characters in comparison to the then crossop¬ 
terygians. This primitive organisation nullifies lhe 
concept of derivation of the dipnoans from the 
rhibidistian stock However, both the groups after 
emerging from a common ancestral stock become 
diverged widely in course of time and space. 

The phylogenetic significance of the dipnoans as 
regards the holding of the direct ancestry of the 
amphibian is questionable. Because this view' is con¬ 
fronted with serious anatomical difficulties which 
become difficult to interprets. The most important 
obstacle is the derivation the terrestrial limb from 
the peculiar and specialised archipterygial paired 
appendages of the dipnoans. The development of 
cloacal bladder is different. In the dipnoan, the 
cloacal bladder develops from the dorsal wall of the 
cloaca but in amphibians it develops from the 
ventral wall. The rhipidistians, on the other hand, 


present fewer of such obstacles. The earliest fossil 
amphibians show deeper similarities with Osteolepis 
(primitive rhipidistian) of Devonian period than any 
extinct and surviving dipnoans (Fig. 5.51). It is 
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Fig. 5.51. Schematic phylogenetic tree showing 
the relationship of the dipnoans with the amphibians 
and Lotimem. 


universally accepted that the amphibians have ori¬ 
ginated either directly from some rhipidistians or 
from an unknown group closely related to the rhipi- 
disiuuis but never IVorn the dipnoan source. It can 
best be suggested that the dipnoans have diverged 
very early from the remote basic stock from which 
the nttiphibiutis actually originated. The rhipidis¬ 
tians and the dipnoans arc the divergent offshoots 
of a common piscine ancestral stock. If the conten¬ 
tion of the emergence of the amphibians from the 
rhipidistian tor ms be taken as a fact, the dipnoans 
can be regarded as the-'granduncle* of the land- 
dwcllcrsbutnot tfie ‘grandfather’. Besides all these 
complications regarding the ph'ylogcny of the land 
dwellers, the modern dipnoans give us a glimpse of 
the conditions that have caused the vertebrates to 
conquer the laud and the possible ways how the 
difficulties have been solved by structural adapta¬ 
tions. 

SOME INTERESTING FISHES 

Fishes are notable for their wide diversities of 
form. Some important and peculiar fishes are des¬ 
cribed below: 

Coccosfeus . Coccosteus is the typical representative 
of the subclass Arthrodira and falls under the family 
Coccostcidae. It ranges from the middle to upper 
Devonian period. It is a svdft predatory form mea¬ 
suring about GO cm in length. It possesses all the 
typical characteristics of the subclass and in addi¬ 
tion, shows a few individual diagnostic features. It 
has a fish-like body with a distinct head and a tho¬ 
racic region. Both these regions are heavily armour¬ 
ed. The posterior end of the body is usually naked. 
The head is rnovably attached with the thoracic 
region by a ball and socket arrangement. The tail is 
heterocercal. The large eyes are protected by 
bony rim. The movable Ipwcr jaw is attached with 
the skull directly and is composed of a single bony 
piece. 

Cetorhinus. Cetorhinus is a peculiar shark under the 
Pleurotremata. It is commonly known as the bask¬ 
ing shark (Fig. 5.52A). It is not predaceous in habit. 
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It collects its food by straining small planktonic habits the warm water and moves slowly. It has an 
forms by the special comblike structures produced amphistylic jaw suspension. It is viviparous but 
by the gill rakers. By this feature, it resembles with development occurs without the formation of pla- 
the whale bone of Cetaceans. Numerous small eggs centa. 

are produced which develop within an ‘uterus’. Pristis. Pristis (or the saw fish) is a specialised re- 
Although the development is intrauterine, no pla- presentative of the Hypotremata. The most common 
centa is formed. saw fishes of the Indian coast are: Pristis cuspidatus 



Fig. ">.52. Some peculiar cartilaginous fishes. A. Basking Shark ( Cetorhinus ). B. Thresher Shark 
(Alopias). C. Hammer head Shark (Sphyrna). D. Sting Ray ( Trygon ). E. Sawfish (Pristis). 


Hexanchus. Hexanchus is ihe most primitive living and Pristis microdon. The body is elongated and be- 

shark under the suborder Pleurotrcmala. Another comes slightly broadened laterally. The rostrum is 

related genus, Heptrarnhias has the similar body drawn out into a blade armed with two lateral rows 

construction like Hexanchus except the number of of knife-like denticles (Fig. 5.52E). The length of the 

gill-slits. Heptranchias possesses seven pairs x»f gill- ‘saw’ equals the length of the one-third part of the 

clefts while Hexanchus Hbs six pairs. The body is body. The head strikes from side to side among the 

elongated with an unconstricted notochord. It in- shoals of fishes and may also give slashing blows to 
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^ its enemies. The saw fishes may attack the soft parts, 
of the whale and tear off pieces of flesh by their 
‘saws'. There are a few species under this genus 
which inhabit the fresh water. The saw fishes are 
abundant in India, China and the Gulf of Mexico. 
The saw fishes may reach a length of about 3 -6 ni. 
The saw fishes are viviparous. 

Raja. Raja (or common skate) is a specialised 
bottom-living Hypotremata having a dorsoventrally 
flattened body. Die anterior part of the body, 
specially the pectoral fin region, becomes laterally 
extended. The posterior part of the body gradually 
thins out into a whip-like tail. The body of Raja is 
perfectly rhomboidal in shape. The median fin is 
greatly reduced. The mouth is armed with many 
sharp teeth to catch the fishes and crustaceans. 
Several species of Raja possess week electric organs. 

Raja uses the pectoral fins as the propellers dur¬ 
ing swimming like “water-wings”. Some species 
under this genus are protectively coloured on the 
top and below. There is a pattern of white and 
black marks on the dorsal side which help to break 
k up the outline of the body. The mode of catching 
the prey is peculiar by dropping down over the 
prey with its broad body and fins. 

Trygon. Trygon (or sting ray) has a similar hotly 
plan as in Raja excepting a few individual charac¬ 
teristics. The tail is modified in a lashing sting (Fig. 
5.52 D). Fite dorsal fin persists as a poisonous spine. 

Rhimbutis. Rhinobatis (or banjo-ray) is a member 
of the Hypotremata which has existed since Jurassic 
to Lhe recent rimes. The fins remain separate, i.e., 
the edges of the fins arc free. The tail is well- 
formed. The pectoral fins arc greatly enlarged. 

Squatina. Squatina (or Angel shark) is a bottom- 
* living Plcurotremata under the division Squaloidea. 
It bears a superficial similarity with the skates and 
rays. Squatina represents a transitional stage 
between the typical sharks and the skates and rays. 
The body is short and broad. The pectoral and 
pelvic fins are expanded laterally to form wing-like 
expansions that gave the name ol the fish. 


Sphyrna. Sphvma (or the Hammer-headed shark) 
is characterised by having a laterally flattened head 
(Fig. 5.52G). The head is -prolonged laterally into 
two large lobes. These lobes are provided with 
cartilaginous support from the nasal part of the 
skull. The head, thus, assumes the shape of a 
hammer. The eyes are situated at the tip of the 
lateral projections of the head. The hammer-headed 
sharks are very ferocious in nature. These sharks arc 
used for extracting liver oil. They may attain the 
length of about 4.3 rn. The commoif Hammer- 
headed shark o('Indian coast is Sphyrna irgacna. 

Alopias. Alopias (or the thresher shark) is a mem¬ 
ber of the division Squaloidea under Pleurotremata. 
It has a peculiar method of seizing the prey (Fig. 
5.52B). The tail is extremely elongated and power¬ 
ful. Fhe tail has almost the same length as that of 
the rest of the hodv. During hunting, several sharks 
hunt together and use their whip-like tails to drive 
the small fishes into groups when they can then be 
easily eaten. In isolated cases, a thresher,shark is 
able to kill the prey by the powerful lashing of its 
tail. 

Torpedo. Torpedo (or the electric ray) is a curious 
animal under the suborder Hypotremata. Torpedo 
marmorata is the most common electric ray of Indian 
seas. The fins arc extended anteriorly so that the 
body assumes nearly a circular outline. A pair of 
electric organs is present one on each dorsal side of 
the body (See Fig. 3.69]. The electric organs are 
formed by the specialisation of the lateral plate 
muscles situated between the pectoral fins. The elec¬ 
tric organs are innervated by cranial nerves.. These 
arc defensive organs and arc capable »f giving a 
heavy electric shock, 

Myliohatis. Myliohatis (or tire eagle ray) has spe¬ 
cialised body for its bottom-living habit. 'Fhe pec¬ 
toral fins became greatly expanded In give the body 
considerably wider along the transverse plane 
than its length. Fhe width of the body reaches about 
six metres. Sometimes eagle ray catches the prey 
by its ‘wings’ and is also railed the “sea vampire” 



F : g. 5.53. Some interesting bony fishes. A. Sturgeon (Acipenser). B. Gar fish (Lepisosleus). C. Bow fin 
(Amia). D. Bichir (Polypten o). E. Sucker fish ( Echeneis ). F. Enlarged dorsal view of the head to show 
tho sucker. Note that the sucker is an oval disc with transversely arranged furrows. 
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The teeth become flattened to grind the mo)luscan 
shells. 

Eckeneis. The sucker fishes or remoras (Tig. 
5.53E) are peculiar bony fishes found in all seas. 
Echeneis is the typical genus of the group. The relat¬ 
ed genera are: Phlheirichthyes , Remora , Remilega . 
Rhomhochirus. The size of the fishes reaches upto 53 
cm. The anterior dorsal fin is transformed into an 
oval adhesive vacuum disc. This disc is flat and is 
surrounded by membranous margin. It is transver¬ 
sely furrowed and situated on the upper surface of 
the head (Fig. 5.53F). The sucker fishes can attach 
themselves to the body of other fishes, turtles, 
whales or any other floating objects by producing 
numerous suction chambers and are thus carried 
from one place to the other. They leave the host 
periodically to capture small fishes. Tin* adher¬ 
ing power of the adhesive disc of remoras is 
quite higli and the sucker of a large individual can 
resist a vertical pull of about 40 pounds. The pelvic 
fins arc provided with external spines and are 
thoracic in position. Other characteristic features 
arc the absence of pseudobranch, swim bladder and 
fin-lets. 

Lapkins (Angler fish). This particular fish is also 
commonly called by the names, frog-fish, monk¬ 
fish, sea-devil, toad-fish and by many other names. 
The head and anterior portion of the body are urea l- 
ly enlarged (Fig. 5.5'lCl). The scales are absent. The 


is partially obliterated by stumpy dermal appen¬ 
dages which mimic the leaves of the aquatic weeds. 
The pectoral fins are broad and are capable to 
‘walk’ on the ground in search of prey. 

Hippocampus. The peculiar marine fish is called 
the ‘sea-horse*, because it bears a superficial resem¬ 
blance with the head of horse (Fig. 5.55B). The 
toothless mouth is suctorial and the snout is tubular. 
The head is large and is present at right angle to its 
body. The skin is covered by bony plates. The gills 
are composed of many small rounded lobes attached 
to the gill-arches (Fig. 5.55C). Such gills are called . 
the lophobrauchs. The operculum is a large plate- 
like structure. The musculature is feebly developed. 

It is a bad swimmer and usually carried passively by 
the currents. It can swim vertically with the help of 
the dorsal fin. The caudal fin is absent and the tail 
is prehensile. The male individual is characterised 
by having brood pouch at base of the tail where the 
eggs arc housed until hatching. The other sea-horses 
are: Gastrotikeus , Solenognathus , Phyllopleryx , etc. 

Syngnalhus. This genus is found in all warm seas 
and is called the greater pipe-fish (Fig. 5.550). The., 
body of the fish is slender with very small fins. The 
scales are transformed into ring-like plates covering 
the body. Flic gills arc lophobranchs and the gill- 
openings arc minute. The dorsal fin is soft: and the 
pelvic fins arc absent. I.ike that of Hippocampus, the 
snout is tubular with suctorial toothless mouth. The 





Fig. 5.54. Some interesting bony fishes (Could.). A. Flying fish (Exocoelus). B. American Koi 
[Tilapia). <J. Angler fish ( Lophius ). 


dorsal fin is ‘spinous’ and is represented by a few- 
isolated flexible rays. Of the rays, the first one is 
extremely elongated and situated on the head and 
bears a dilated bulb at the tip. Lophius piscatorius has 
a broad head with a huge mouth. The jaws are beset 
with numerous teeth. ’It attains a length of about 
1.2 m. Many phosphorescent organs are present. 
The foremost long fin-ray bears a terminal bulb to 
attract the small prev 4 The terminal bulb is capa¬ 
ble of rapid regeneration. The outline of the body 


males possess broad pouch where the eggs arc stored 
(Fig. 5.55K). The tail is nonprehensile with small 
caudal fin. Other genera of pipe-fishes are: Siphono- 
sioma , Doryichthys , Nerophis , Protocampus, Ichthyocampus.. 
Stigmatophora, etc. 

Phycodurus. Phycodurus eques is the Sea dragon of 
Australian sea shores. It resembles Hippocampus 
very closely and exhibits excellent mimetic resem¬ 
blance like a piece of sea-weed (Fig. 5.55A). The 
outline of the body is broken up by developing 
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numerous membranous leaf-like processes. The 
snout is tubular and the mouth is toothless. The gills 
are lophobranchs. The tail is prehensile and lacks 
caudal fin. 


a beak), Hemirhamphus (half beak with the lower jaw 
extended beyond the upper jaw.), Scmbmesox 
(skipper or saury with a beak and billets behind 
the anal and dorsal fins). 



big. f>.f>. r >. Some interesting bony fishes (Could.) A. Sea dragon [Phycodnrus). 15. A male sea-horse 
!Hippocampus ). Note the presence of brood pouch. C. The operculum on the leftside of Hippocampus is 
replaced to show the gills. Note that the gill filaments have assumed lobulaled appearance. I). Pipe¬ 
fish (Syngnathus). K. The brood pouch of a male Synguatlm is opener! to show the* eggs. 


Tilapia. Tilapia is a typical ‘spiny-rayed’ fish 
under the family Ciclilidae (Fig. 5.MB). It is not- 
able for its highly developed parental care. 
Most of the species under the genus Tilapia are 
mouth-brooders. In Tilapia mossainbica, the eggs after 
fertilization, are taken up into the mouth cavity of 
the mother, where the eggs are brooded. Even after 
hatching, the youngs take shelter in the mother’s 
mouth in times of danger. Tilapia, although popu¬ 
larly called the American Koi, is an African genus. 
T. nilotka is also a mouth-brooding form. The 
youngs of all the species of Tilapia possess a dark 
spot (“ Tilapia-wark ”) near the posterior end of the 
dorsal fin which may disappear in adult. Tilapia can 
breed and multiply rapidly in pond. The rate of 
multiplication is quite high and their culture is riot 
a problem. 

Exocoetus. Exocoetus is a common flying fish (See 
Fig. 5.54A) of tropical and subtropical seas. The 
fishes usually live in groups. The body is covered 
by scales. The pelvic fins are devoid of spines 
and each bears six rays. The dorsal fin is situated 
above the anal fin. The pectoral fins become greatly 
elongated into parachute-like organs. Both the jaws 
are short. Exocoetus volitans can leave the water by a 
powerful tail movement and float rapidly through 
the air in a straight line by the activity of the ex¬ 
panded pectoral fins. 

The vela ted genera of Exocoetus are: Cypselurus 
(flying fish), Belong (gear-fish or gar-pipe or sword 
fish with no finlet and the jaws are elongated into 


Acipenser (Sturgeon). Acipenscv (Sec Fig. 5.53A) 
is a large sized fish living in the seas and rivers of 
Northern hemisphere. They feed on worms, mol¬ 
luscs, small fishes and aquatic plants. It has an 
elongated shark-like body. The snout is long. The 
mouth is small, toothless and vcntrally located. Four 
barbels are present in front of the mouth. The body 
bears a few rows of bony scutes (modified ganoid 
scales). The tail fin is hcieroccrcal. The stomach 
lacks the blind diverticulum. Presence of uncons¬ 
tricted notochord and loss of ossification in the 
whole skeleton are the most notable features. 

The common sturgeons are: Acipenser slmio 
fcommon sturgeon), A. transmuntanus (white pacific 
sturgeon), A.fuhrscens (rock sturgeon), Scaphirhyn- 
rhus platorhynchus (fresh wafer shovel-hosed sturgeon). 
Polyodon (spoonbill sturgeon of Mississippi), Psephu - 
rus (spoonbill sturgeon of China). Acipenser posses¬ 
ses spiracle, but Sraphirhynchus is without spiracle. 
Polyodon lacks bony scutes and barbels. 

Polypkrus (Bichir). Polypterus (See Fig. j.53D) 
has a slender body covered by thick ganoid rhom¬ 
bic scales. The dorsal fin is divided into eight 
or more dorsal fin-lets (“Sails”) each of which is pre¬ 
ceded by a spine. The tail is arrow-shaped and 
diphycercal. The swim bladder is lung-like and is 
capable of breathing air. The larvae bear slender 
external gills. The conns arteriosus contains three 
longitudinal rows of valves, each row has got nine 
valves. One pair of gular plates is present between 
the rami of the lower jaw. 
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Polyplerus bickir of tropical Africa attains a length 
of about I m. The other related genus, Calamoichthys 
( - Erpetoichthys) of the rivers of Nigeria and Congo 
has an elongated body devoid of pelvic fins. 

Ijepimteus (Lepidostcus). Lepidostcus is a common 
fresh water gar-pike (Fig. 5.53B) of North and 
Central America. It has an elongated body covered 
over by thick ganoid rhombic scales. The scales of 
the trunk are arranged in oblique rows. 'Ilie snout 
is much elongated. The vertebral column is bony. 
Lepisosteus possesses an admixture of primitive and 
advanced characters. The primitive features are: 

(1) the presence of a long valvular conus arteriosus, 

(2) absence of a bulbus arteriosus, (3) the walls of 

swim bladder are cellular, (4) semiheterocercal tail 
fin and (5) thick ganoid scales. 'The specialised 
features are: (1) the reduction of maxillae and their 
functional replacement by many tooth-bearing 
infraorbital structures, (2) opisthocoelous verte¬ 
brae composing the vertebral column and (3) the 
presence of numerous cheek plates. Loss of central 
jugal plate, absence of spiracles and presence of 
pyloric caeca are the individual characteristics. The 
gar-pikes are voracious eaters and prey on smaller 
fishes. I^episosteus trislaechus attains a length of about 
3 metres. . * 

Amia (Bow-fin). Amin calm (Fig. 5.530) is the 
solitary species of the family Ammidae and lives in 
the fresh water rivers and lakes of North America. 
It is a predatory fish and lives on small fishes. 
It has a fusiform body covered by overlapping 
cycloid scales. 'The dorsal fin is long and continuous. 
The fail fin os honiocercal. A dorsal bilobed cellular 
swim bladder is present which helps in respiration. 
7’hcHpiral valve is present in the intestine. Presence 
of a small valvular conus arteriosus and one large 
jugal plate between the rami of the lower jaw are 
some .of the primitive features. The vertebrae are 
solid and possess amphicoelous centra. The pyloric 
caeca are absent. The spiracles are also absent. Two 
comb-like structures are situated on the throat. 

The male individuals are smaller than the 
females. The males are. .sharpely distinguishable 
from the female by having a shiny black spot on the 
basal part of the caudal fin. Before spawning the 
male prepares a saucer-shaped crude nest with 
aquatic plants. Alter the eggs being laid by the 
female in'the nest, the male guards the nest uptil the 
hatching of the eggs. 

Telrodon. Tctrodon is commonly called the globe 
fish. The body js more or less globose in shape. 
During collection, it frequently produces a sound by 
forceful expulsion of air from the oesophagus. It 
can distend the body by swallowing air or water 
inside the inflated oesophagus. The scales are modi¬ 
fied into spines which can be erected by cutaneous 
muscles. 'The teeth are fused to form beak which has 
a prominent median suture. The flesh is usually 
poisonous. Tetrodon cutcuiia and T. patoca are the two 
typical Indian species. The related fishes are: 
Dwdon (porcupine fish), having beak without me¬ 
dian suture). Mold mola (Oceanic sun fish with 
leathery skin, enlarged anal and dorsal fins, short 
compressed body without tail.) 

Amphipnoits . Amphipnous is an cel-like fish. The 
dorsal and anal fins are' devoid of fin-rays and are 
continuous with the caudal fin. Paired fins are ab¬ 
sent. Hie gill-openings become confluent into one 
slit on the ventral side of the body. Lack of swim 
bladder and pyloric caeca is the characteristic 


features to note in the anatomy of this fish. Amphi¬ 
pnous cuchia (a common Indian fresh water eel) 
bears three gill arches, of which the second one 
bears the gills. A pneumatic sac is present on each 
dorsal side of the branchial chamber which acts as 
the ‘lung* (See Fig. 5.6IE). The other related genera 
are: Monopterus (with three gill arches and no 
pneumatic sac) and Symbrachus (with four gill- 
archcs with large gills). 

Heteropneustes . Heteropneustes fossilis is a common 
catfish under the family Siluidae (See Fig. 5.61 C). 
It is called the Singhi fish and is notable for possess¬ 
ing an accessory respiratory air tube in addition to 
the gills. While living in water, it frequently comes 
to the surface to breathe atmospheric air. Heterop¬ 
neustes has an elongated and slender body. The body 
is devoid of scales and grey in colour. The ante¬ 
rior vertebrae (second, third, fourth and sometimes 
fifth) become fused. The head is small and dorsov- 
cntrally flattened. The mouth is situated at the ante¬ 
rior end of the head. Four pairs of sensory barbels are 
present around the mouth. The maxillary bone is 
reduced and supports the barbels. A pair of eves and 
a pair of nostrils are present. It resembles Clarias in 
basic structural organisation, but the dorsal fin is 
very small in comparison to the continuous extended 
dorsal fin of Clarias. In 'Singhi’, the pectoral fins are 
located one on each side of the trunk just posterior 
to the opercular opening. Each pectoral fin is sup¬ 
ported by nine rays, of which the first one is modi¬ 
fied into a large sharpely pointed serrated defensive 
spine. The pelvic fins are comparatively smaller and 
each bears six fin-rays. The caudal fin is rounded 
and the anal fin is continuous with a variable 
number of fin-rays. 

Clarias. Clarias batrachus is another air-breath¬ 
ing fish under the family Siluridae (See Fig. 5.61 A). 
This is commonly called Magur fish. It has an 
elongated stout body with a broad head than 
‘Singhi’ fish. The mouth is present subterminally. 
There are four pairs of sensory barbels around the 
snout. Of the four pairs, one pair is longer and stout 
while the “rest three pairs are smaller. The maxi¬ 
llary bone is reduced and supports the barbels. 
Some of the anterior vertebrae are reduced. The 
accessory air-breathing respiratory organs are 
called the supra branchial organs located dorsal to 
the gills. The fins differ slightly from that of Singhi 
fish. The dorsal fin is very large and extends along 
the entire middorsal side of the body and tail. It is 
supported by numerous fin-rays. The anal fin is 
present on the midventral line of the tail and is 
supported by numerous fin-rays. The tail fin is well- 
developed and is round. The pectoral fins are 
situated near the opercular openings. The first fin- 
ray in each pectoral fin is transformed into a sharply 
pointed defensive spine. The pelvic fins are sup¬ 
ported by soft fin-rays and are placed on the ventral 
side near the pectoral fins. 

Anabas. Anabas testudineus is popularly called the 
Koi fish (See Fig. 5.6IB). It possesses well-developed 
accessory' air-breathing structures and is capable of 
utilising oxygen present in atmospheric air. Anabas 
makes short excursion overland for a considerable 
period of time. It has a laterally flattened body 
with a prominent triangular head. The mouth is 
broad. The outer margin of the operculum is pro¬ 
vided with opercular spines which aid in locomo¬ 
tion on land. 

The fins are well-developed. The dorsal fin is 
composed of two portions, the anterior part is 
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larger and supported by stiff spinous fin-rays while 
the posterior part is supported by soft fin-rays. The 
ventral fin is divided into two parts exactly like the 
dorsal fin. The tail fin is round and numerous 
fin-rays support the fin. The pectoral fins are 
located near the opercular openings. The basal, 
supporting the fin, is narrow while the terminal end 
is broad and semicircular. The pelvic fins arc 
placed midventrally close to the pectoral fin. 

CLASSIFICATION 

CLASSIFICATION IN OUTLINE 

Class Placodermi (or Aphetohyoidea) 

Subclass (I) Acanlhodii e.g., Cdimatius , 
Acanlhodes , Diplacanthus. 
Subclass (II) Arthrodira e.g., Coccosteus , 
Dinichthyes , Titanichthys. 
Subclass (111) Petalichthyida e.g., Lunas - 
pis, Macropetalichlhys . 

Subclass (IV) Anti arch i (or Ptcrichtliyo- 
rnorphi) e.g., Bolhriolcpis , 
PterichthyeSy Ceraspis . 

Subclass (V) Rhcnanida e.g., Gemucn- 
dina, Jagorina, Asteroslcus. 
Subclass (VI) Palaeospondylia e.g., Pala- 
eospondylus. 

Class Chondrichthyes (or Elasmobra- 
nchii) 

Subclass (I) Sclachii 

Order 1. Cladoselachii (or Pleuropterygii) 
e.g., Cladoselache, Cladosus 
and Goodrichia . 

Order 2. Pleuracanlhodii (or Ichlhyotomi) 
e.g., Pleurocanlhus. 

Order 3. Protoselachii e.g., Heterodontus 
and Hybodus. 

Order 4. Euselachii 

Suborder A. Pleurotremata 

Division a. Notidanoidca e.g., 
Chlamydoselache and Hexanchus. 
Division b. Galeoidea e.g., 
Carcharodon, Scyliorhinus and 
Mustelus. 

Division c. Squaloidea e.g., 
SqualuSy Squatina and Alopias. 
Suborder B. Hypotremata e.g., 
Raja, Rhinobatis, Torpedo , Pristis , 
Dasyalisy Aetobatus. 

Subclass (II) Bradyodonti 

Order 1. Eubradyodonii e.g., Helodus 
and Psammodus. 

Order 2. Holocephali e.g., Chimaera and 
Haniotta. 


Class Osteichthyes 

Subclass (I) Actinopterygii 

Super order (1) Chondrostei. 

Order 1. Palaeoniscoidea e.g., Cheirole - 
pis, Palaeoniscus. 

Order 2. Acipenseroidd e.g., Acipmser, 
Chondrosteusy Polyodon. 

Order .3. Polypterim (or Cladistia) e.g., 
PolypleruSy Erpetoicklhys . 

Super order (2) Holostei. 

Order 1. Semionoloidea e.g., Episosteus 
(or Lepidosteus). 

Order 2. Amioidca e.g., Amia. 

Order 3. Pycnodontoidea e.g., Gyrodus , 
Pycnodus. 

Order 4. Aspidorhynchoidea e.g., Aspi- 
dor fiynchus. 

Order 5. Pholidophroidea e.g., Pholido - 
pi cur us. 

Super order (3) Teleoslei. 

Order 1. Isospondyli (or Clupciformes) 
e.g., SaltriOy Clupeay liilsay 
Notop Urns. 

Order 2. llaplomi e.g., Ewx. 

Order 3. Iniorni (or ScopelifmmsY e.g.; 

MyctophuiUy SynoduSy llarpo- 
don. 

Order 4. Miripinnali e.g., Miripinna. 

Order 5. Gigahlurnidea (or Giganturi - 
formes) e.g., Gigantura. 

Order 6. Iyomeri (or Sjnccophyngiformcs) 
e.g., Saccopharynx. 

Order 7. Oslariophysi (or Cyprinifor - 
wes) e.g., Cyprimsy Electro - 
phorusy Carassiusy Caila, LabeOy 
Cirrhina. 

Order 8. Apodes (or Anguilliforrnes) 
e.g., Auguilloy Muraena. 

Order 9. Heteromi (or Halosauriformes 
or Notocanthifoftries) e.g., No- 
tocanthus . 

Order 10. Synenlognathi (or Belonifor - 
rnes) e.g., ExocoetuSy Belone, 
Gypselurus, Hemirhamphus ♦ 

Order 11. Salmopercae (or Percopsifor - 
mes) e.g., Percopsisy Columbia. 

Order 12. Microcyprini (or Cyprinodonti- 
formes) e.g., Typhlichthyes, 
Cyprinodoriy Gambusia . 

Order 13. Solenichthyes (or Syngnathifor - 
mes) e.g., * TxachyrhamphuSy 
SyngnathuSy Hippocampus. 

Order 14. Anacanthini (or Gadiformes or 
Macrurijormes) e.g., Gadus , 
Lotay Merluccius. 


IQ 
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Order 15. Allolrignathi (or Lampridifor - 
mes) e.g., Lampris, Trachyple - 
rus , Regalecus. 

Order 16. Berycomorphi (or Berycifor - 
m&y) e.g., Holocentms . 

Order 17. £eomorphi (or ^ eiformes ) e.g., 
Zeus. 

Order 18. Percomorphi (or Perciformes) 

* e.g., hates , Scomber , Perea , 

Micropterus s Tilapia , 

Anabas . 

Order 19. Gobimorphi e.g., Gobius i Peri - 
ophlhalmusy Boleophthalmus. 

Order 20. Scleroparei e.g., Sebastes , Got - 
te, Gasterosteus. 

Order 21. Thoracostei (or Gasteroslei- 
formes) e.g., Gasterosteus . 

Order 22. Hyposlomides (or Pegasifor - 
ww) e.g., Pegasus. 

Order 23. Iieterosomata (or Pleurnecti - 
forme*) e.g., .SWe#, Pscttodes , 
Cynagiossus. 

Order 24. Discoccphali (or Echeniformes) 
e.g., Remora , Echeveis. 

Order 25. Plcctognalhi (or Telrodontifor¬ 
mes) e.g., Batistes , Diodon, 
Mota , Tetrodon. 

Order'26. Malacichthyes (or Icosteifor- 
' mes) e.g., lcosteus. 

Order 27. Xenopterygii (or Gobicsocifor - 
e.g., Gobiesox. 

Order 28. llaplodoci (or Bairachoidifur¬ 
ines) e.g., Porichlhys , Opsamus. 

Order 29. Pediculali (or Lophiiformes) 
e.g., Antennarius. 

Order 30. Opislhomi (or Mastacembeli - 
formes) e.g., Mastacembelus , 
Macroquathus . 

Order 31. Synbranchii (or Symbranchi- 
J'ormes) e.g., Symbranchus , vlm- 
phipnous. 

Order 32. Chamiformes e.g., Channa . 

Subclass (II) Crossopterygii 
Order 1. Rhipidistia 

Suborder 1. Osteolepidoti e.g., Osteo - 
Zqfaj, Megalichthyes. 

Suborder 2. Coelacanthini (or Acti- 
nistia) e.g., Caelacanihus y Latimeria. 

Order 2. Dipnoi (or Dipneusti or 
neunomr;). 

Suborder K Monopneumona e.g., 
.AfoctfraWiw. 

Suborder 2. Dipneumona e.g., Pro- 
topterus , Lepidosiren. 


CLASSIFICATION WITH CHARAC¬ 
TERS 

The classification of the fishes is really a 
very difficult task. Diverse opinions exist on 
this particular issue. The older idea of 
grouping all the fishes under one super¬ 
class, Pisces is no longer retained in the 
modern times. All the fishes are conven¬ 
iently placed under three classes, Placo- 
dermi, Chondrichthyes and Osteichthyes. 
But the scheme of dividing the three classes 
into smaller groups is really puzzling. The 
scheme of classification followed in the 
present text is largely based on the prin¬ 
ciple adopted by Parker and Haswcll. 

Class I Placodermi (or Aphetohyoi- 

dea) 

The earliest known jawed vertebrates are repre¬ 
sented by a group of fossil fishes called the plato- 
drrms which appeared during the Silurian period. 
These fossil fishes exhibit many structural peculiari¬ 
ties and arc included under the class Placodermi or 
Aphetohyoidea. The placoderrns present wide range 
of adaptive radiation and flourish well in the Devo¬ 
nian and Carboniferous periods, but all of them be¬ 
came extinct by the end of the Permian. The placo- 
derms possess many peculiar and specialised charac¬ 
teristics and are regarded to be the progenitors of the 
modern fishes. Although the placoderrns form a 
heterogenous group of fishes, the following features 
characterise the class. The characteristics arc: (1 ) 
r llie body is protected by heavy bony armour, a fea¬ 
ture which has given the name ‘placodermi’ to the 
group. (2) The hyoid arch is unspecialised and does 
not lake part in jaw suspension. The jaws are attach¬ 
ed with the skull by their own processes. The pecu¬ 
liar type of jaw attachment is called the autostylic. 
This condition is also called the aphetohyoidcan 
condition, because of this characteristic the placo- 
derms arc also called the Aphetohyoidea. This type 
of jaw attachment is regarded as the most primitive 
type of jaw suspension. (3) Hie spiracle is typically a 
gill-slit which is present anterior to the unmodified 
hyoid arch. (4) The paired fins arc mostly present. 
The placoderrns arc divided into six subclasses. 

Subclass I. Acanthodii 

This subclass includes the most primitive placo- 
derrns. The members are smaller in si/e and are 
regarded as ‘needle-finned sharks’ because of their 
superficial semblance with the shark. The acantho- 
dians were fresh water organisms and the geological 
history revealed their existence from the upper 
Silurian to the Permian with their maximum abun- 
dancy in the Devonian times. They have elongated 
fusiform bodies (almost eel-like) with a blunt snout. 
The eyes arc large -and are directed forward. The 
mouth is placed terminally. The tail js heterocercal. 
There are two dorsal fins in most cases, which may 
be reduced to one. A single anal fin is present. Series 
of paired fins are present between the pectoral and 
pelvic fins. These arc quite numerous in primitive 
forms and become reduced to none in subsequent 
stages. Each fin is supported by a large spine along 
with the anterior edge of the fin. A well-formed 
pectoral girdle is present. Each half is composed of a 



PHYLUM CHORDATA—FISHES 


147 


scapula and coracoid which support the spines of 
the respective fins. Traces of basal, elements arc 
present in the pectoral fins. 

The body is covered by small rhomboid scales. 
The scales are dermal derivatives and arc essen¬ 
tially composed of bony material. On the head 
region, the scales become enlarged and form definite 
pattern of arrangement. The scales are comparable 
to the ganoid types. The neurocranium, jaws and 
branchial arches are mostly cartilaginous in nature. 
The jaws arc primitive and have four ossified areas, 
two in the lower and two in the upper jaws. The 
upper jaw (palaloquadrate) is composed of two 
pieces and is toothless. The lower jaw is made up of 
mandible and possesses teeth. The teeth are modi¬ 
fied scales. The hyoid arch is an unmodified 
branchial arch. The mandibular, hyoidal and all the 
branchial arches in primitive forms, arc provided 
with small opercular folds. But in the higher forms 
the mandibular operculum becomes highly deve¬ 
loped to cover all the gills. 

The acanlhodians, as stated earlier, hold the 
ancestry of many, if not, all of ihegnathostornes. All 
the acanthodians are classified under six families - 
Brachyacanthidae, Diplacanthidac, Ischanacanthi- 
dae, Gyranthidae, Mcsacanthidae and Acanthodi- 
dac. 'The first four families are characterised by 
having two dorsal spines and the rest two possess 
only one of such spines. Of the families, the 
Brachyacanthidae as exarnplified by Climatius 
represents the primitive forms. Examples: Climatius. 
Acanthodes. Diplatan thus ,. 

Subclass 11. Arthrodira (or Goccostei) 

The members of ibis subclass are characterised by 
having strong cranial roof formed by the union of 
bony plates. These bony plates are sculptured by the 
presence of tubercles. The skull is articulated by a 
pair of condyles. The vertebrae lack centra but the 
neural and haemal arc hes are present. They are 
generally called the ‘joint-necked’ fishes and flou¬ 
rish well during the Devonian period. The posterior 
part of the body is prolonged into a whip-like tail 
which may or may not he covered by scales. An 
operculum covering the branchial arches is quite 
evident. The pectoral fins arc greatly reduced and 
arc represented by a pair of small immovable lobed 
structures situated one on each side of the body. The 
pelvic fins are paired structures located on (lie ven¬ 
tral side. A well-formed dorsal fin is present. 

The arthrodires are fast swimming and preda¬ 
tory forms. Some members of this group have 
attained large size. Dinichthyes and Tilanichlhys have 
recorded to be about 9 metres in length. The actual 
systematic status of the group is controversial. Al¬ 
though they are claimed to be related to the dip- 
noans and elasniobfanchs, their close relationship 
with the acanthodians is well-established. 

Examples: Arctolepis , Coccosteus. Titanic hthys. Dim- 
chthys. AJyljstoma. Rhamphodopsis. 

Subclass III. Petalichthyida 

The members of this subclass resemble the sub¬ 
class Arthrodira except the following points: (1) The 
orientation of*the bony plates on the head is diffe¬ 
rent. (2) The paired fins are constructed on different 
plan. (3) The ball-and-socket joint between the 
head and thorax is absent. (4) The pectoral girdle, 
pectoral fins and pelvic fins are Oladoselache-like. 
(5) The mouth is ventrally placed and die skull is 
dorsoventrally flattened like elasmobranchs. This 


suggests their bottom feeding habit. This subclass 
presents many structural similarities with the clas- 
mobranch?, acanthodes and rheuaiiidcs. The exam¬ 
ples are Luna >p is (lower Devonian) and MacropetoH- 
chthys (middle Devonian). 

Subclass IV. Antiarchi (Pterichthyomorphii 

The iueinber« of this subclass are found in the 
Devonian period. They are fresh water forms and the 
fossils are well-preserved to reveal certain internal 
structures. The head and the thoracic region are 
provided with strong bony plates. The arrangement 
of the bony plates is strikingly similar to that of the 
subclass Arthrodira, but. the mode of articulation of 
the head to the body is different. The tail is heirro- 
ccral with a ventral fold. The pelv ic fins are usually 
absent.The intestine contains spiral valv e. A pair of 
large sac-like lungs is present. The eyes are closely 
placed on the dorsal side of head. The mouth is ven¬ 
trally placed. The jaws arc poorly developed. The 
body is naked in some forms, but in Pterkhthys the 
body and tail are covered with scales. Examples: 
Pterkhthys. Bothriolepis. Rcmigolcpis , Microbrachius , 
Ccraspis . Asterokpis. 

Subclass V. Rhcnatiida 

The subclass Rhcnanida is represented by a 
group of Devonian placoderms resembling the 
modern rays. The body is flattened dorsoventrally 
with a broad head, 'flic body is covered by small 
denticles which arc attached to the bony plates. The 
bony plates constitute the body armour. The skull 
is fully ossified. The gills are covered by operculum. 
The spirac Ic is absent. The pectoral fins lire large in 
size and are supported by the elongated nuli a Is. The 
pelvic fins are smaller and flattened. The dorsal fin 
is supported by anterior spine. A series of spines is 
present behind the dorsal fin. The pectoral girdle 
is devoid of lateral spine. The structural organisa¬ 
tion of the subclass suggests that the members are 
adapted to bottom living. Examples: Gemuendina. 
Astcnntcus and Jogoiina. 

Subclass VI. Palaeospondvlia 

This subclass is well represented by a single mid- 
Devonian repi cscnlativc, Palaeospondylus of Scot land. 
It has a dorsoventrally depressed skull and a well- 
ossified vertebral column. The vertebrae possess 
strong centra with well-formed neural arches and 
haemal spines on the posterior side. The auditory 
capsules are large in size- a feature resembling the 
agnathans. The tail is helerocercal. Traces of pair¬ 
ed fins are present. The hyoid arch is complete but 
does not take part in jaw suspension. The external 
armour is completely absent. The structural plan of 
Palaeospondylus is very peculiar and presents many 
features resembling many other groups. The condi¬ 
tion of the skull, particularly the floor, suggests 
larval condition. For this reason Palaeospondylus is 
regarded as the larva of a dipnoan or of Coccosteus 
or of an amphibian. The affinity of Palaeospondylus 
with the agnathans (specially with the hagfishes) 
was the consensus opinion for many years. The un- 
clacified roof of the skull and the large auditory 
capsules suggest affinities with the agnathans.’ The 
presence of jaws has been shown in this fish, so the 
question of its inclusion with agnathans does not 
arise. Despite of all such affinities and lack of dermal 
armour, Moy-Thomas (1939) included Palaeos- 
pondykis under the class Placodermi in a.separate 
subclass, because many typical placoderm features 
are present. 
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Glass II Ghondrichthyes (Elasmobra- 

nchii) 

The class Ghondrichthyes (Gr. Chondros 
=cartilage and ichthys- fch) includes a 
group of fishes known as the sharks, rays 
and chimaeras. The members of the class 
are also called the elasmobranchs which 
literally signify the ‘plate-gilled’ fishes. 
In spite of great morphological diversities, 
they form a very compact group charac¬ 
terised by possessing the following diag¬ 
nostic characteristics: (1) They are mostly 
marine and predaceous forms. (2) The body 
is covered by tough skin containing minute 
placoid scales (denticles) and mucous 
glands. (3) There is no bone in the skele¬ 
ton, i.e., the skeleton is cartilaginous in 
nature. (4) The median and paired fins are 
present. The pelvic fins (in male) arc pro¬ 
vided wilh claspers. The fins arc supported 
by the fin-rays. (5) The tail is heterocereal. 
(6) Paired sensory capsules are joined with 
the skull. (7) The notochord is persistent. 
The vertebrae arc complete and separate. 
(8) The mouth is ventrally placed. Rows of 
teeth (specialised placoid scales) are pre¬ 
sent in tfie mouth. The spiral valve is pre¬ 
sent in the intestine. (9) The nostril may be 
one or two in number, but do not open into 
the mouth cavity. (10) The swim bladder is 
absent. (11) The heart possesses a contrac¬ 
tile conus arteriosus with rows of valves. 
(12) The respiratory organs comprise of five 
to seven pairs of gills. Each gill is placed in 
a separate cleft. No operculum is present 
over the gills except Holoccphalans. (13) 
The sexes are separate. The gonads arc 
typically paired and the gonoducts open 
into the cloaca. (14) The eggs are large and 
yolky. Fertilization is internal. Cleavage is 
mcroblastic, i.e., incomplete. Development 
is direct. 

The class Ghondrichthyes includes the 
surviving gnathostomes. Due to the lack of 
complete fossil records and intermediate 
stages, the subdivision of the class Chondri- 
chthycs remains unsatisfactory. However, 
all the cartilaginous fishes can be divided 
into two subclasses, Selachii and Bradyodonti . 
The subclass Selachii includes four orders, 
viz., Cladoselachiiy Pleuracanthodii , Protosela - 
chii and Euselachii. The subclass Bradyo¬ 
donti has only two orders, Eubradyodonti 
and Holocephali . 

Subclass (1) Selachii 

The members of this subclass possess the 
gills placed in separate clefts and a spiracle 
is present behind each eye. 


The subclass Selachii has four orders 
under it. The orders arc: 

Order 1. Cladoselachii or Pleuropterygii . This order 
includes the extinct forms ranging from the Devo¬ 
nian to Permian periods. The Cladoselachians re¬ 
present the ancestral group of sharks from which all 
modern sharks have been originated. The body is 
fusiform in shape. The tail is heterocercal. Two 
dorsal fins are present. The pectoral fins are very 
prominent. The mouth is subterminally placed. The 
iceth are elongated and sharp. The jaw suspension is 
of amphistylic type. Claspers arc absent. The ex¬ 
amples are: Cladoselache , Cladosus, Symmoriutn , Good¬ 
rich) a and many others. The genus Diademodus is re¬ 
garded as an early offshoot of the chondrichthyan 
stock. Diademodus has many cuspcd teeth and the 
dorsal fin lacks spines. The Cladoselache is a spe¬ 
cialised side-line of the main chondrichthyan stock. 
Goodrichia is recorded to be 2*5 m in length. 

Order 2. Pleuracanthodii or Jchthyotomi. The pleuro- 
c anthodians form a specialised group of fossil sharks 
which have been derived from the Devonian clado- » 
sclachains. They are fresh water forms. The fossils 
were abundant from late Devonian to Triassic 
period. The body is slender with the dorsal fin ex¬ 
tending along the body and tail. The dipliycereal 
tail has equally developed blade of fin above and 
below the notochord. The cpichordal and hypo- 
d lord a l rays are equally developed. The paired fins 
are paddlc-like and have “ardiipterygium” pat¬ 
tern, i.e., having a long axis with pre- and post- 
axial rays. The archipterygial fin is supposed to be 
the ancestral type of all fins. A lone spine is present 
on the head. The claspers arc present. The typical 
example: is Pleurocanl/ius. 

Order 3. Protosclachii. The protosela chi a ns flou- ■ 
rished well in the Palaeozoic seas and they became 
nearly extinct in the Permian to Triassic period. 
Some species belonging to the genus Heierodonlm are 
still surviving to-day. The pectoral fin is notched at 
the posterior margin. The claspers arc present in the 
males. Two types of teeth are present. The sharply 
pointed ones arc located anteriorly and the flat¬ 
tened types are placed behind for crushing the 
molluscan shells. 

Order Euselachii . In the Jurassic period, 
the sharks diverged into two main lines—*■ 
the Pleurotrcinata or true sharks and the 
Hypotremala or skates and rays. They arc 
abundant from the Jurassic to the recent 
times. They possess numerous teeth deve¬ 
loped in succession. The pectoral fins have 
three basal pieces. Depending on the posi¬ 
tion of gill-slits, the euselachians are grou¬ 
ped under two suborders, Pleuroireinata 
and Hypotremata. 

Suborder Pleurotremata 

This suborder includes the true sharks. 
They are very swift swimmers. The teeth 
are very sharp. The body is spindle-shaped 
and the tail is heterocercal. There are five 
to seven pairs of gill-slits and these are 
laterally placed. The pectoral fins are small 
and the anterior margin is free from the 4 
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body. The hyomandibular and the cerato- 
hyal support the first gill. The Plcurotre- 
mata is divided into three divisions, Noti- 
danoidea, Galeoidea and Squaloidea. 

Division—Notidanoidea 
This division embraces the primitive 
true sharks with an amphistylic jaw sus¬ 
pension. An unconstricted notochord is 
present. 12 to 14 gill-slits arc present. 
The examples arc: Hexanchus , Heptranchias 
and Ghlamydoselache. Hexanchus and Heptranc¬ 
hias arc long-bodied and viviparous forms. 

Division—Galeoidea 
The sharks under this division have 
elongated body with two dorsal fins. These 
fins are not supported by spines. The 
* members of this division exhibit diversity 
in structure and habitat. The examples 
are Cetorhinus , Rhineodon y Scylionhinus, Mus- 
teluSy Carcharodon. Garcharodon is a man- 
eating shark of about 9 m long. Some 
fossil representatives of this group have 
been estimated to have reached about 27 
m in length. 

Division—Squaloidea 
This division is characterised by having 
a spine in front of each dorsal fin. The 
squaloidea includes many will-known 
sharks like Squalus (spiny dogfish), Scoliadon 
(Scoliodon sarrakowah is the common Indian 
species), Pristiophorus (saw-sharks), Squatina 
(angle-fish), Alopias (thresher shark), etc. 

Suborder —Hypotrcmat a 

The skates and rays arc; included in this 
suborder. The members are quite abun- 
' dant from the Jurassic to recent times. 
They are modified to live on the bottom of 
the sea in shallow waters. They possess 
blunt teeth and devour the invertebrates. 
The locomotion is being effected by pro¬ 
ducing waves of contraction that pass 
backwards along the fin. The body is de¬ 
pressed and gill-slits are ventrally located. 
The pectoral fins are enlarged and become 
fused with the sides of the body and head. 
The hyomandibular does not support the 
gill. The eyes have shifted on the upper sur¬ 
face of the head and are provided with eye¬ 
lids. Each spiracle is provided with valves 
which shut at expiration. The examples 
are Rhinobatis (banjo-ray), Pristis (saw-fish), 
Raja (common rays and skates), Torpedo 
^(eiectric-ray), Mobula (sea-devil), Mylioba - 
tis (eagle-ray), etc. 


Subclass (2) Bradyodonti 

, This subclass constitutes an aberrant 
group of cartilaginous fishes which diverg¬ 
ed from the main chondrichthyan stock at 
the Carboniferous period. Unconstricted 
notochord is present. The vertebrae are 
reduced to nodules. The teeth are modified 
into crushing plates which are firmly 
attached to the jaws. 

The Bradyodonts are divided into two 
orders— Eubradyodonli and Holocephali . 

Order Eubradyodonli . They are the primi¬ 
tive bradyodonts which originated in the 
upper Devonian and became extinct at the 
end of Palaeozoic. They possess the charac¬ 
teristic dentition. They preserve many 
primitive features of the group in the 
nature of vertebrae, mode of jaw suspen¬ 
sion and in the cleavage pattern. The teeth 
are few in number and fuse to form Batt¬ 
ened crushing plates. The examples arc: 
lModus , Cnchliodus and Psammodus . 

Order Holocephali . The Ilolocephali arose 
probably in Triassic period and exist to-day 
as the strange chimacras of the deep seas. 
The mouth is reduced to a small aperture 
bounded by lips. The head has the appear¬ 
ance like that of parrot. They have holo- 
stylic jaw suspension. The. operculum is 
present which is attached to the hyoid 
arch. Extra claspers of unknown function 
are present on the head of males and these 
are called the cephalic claspers . The teeth 
arc absent. The spiracles arc absent. The 
tail is slender and whip-like. The cleavage 
is holoblastic. The examples are Chimaera 
monstroso (rat-lish), Callorhymhus antarcticus 
and Iiarriolta ralcighana . 

Class III—Osteichthyes 

The members of the class constitute the 
highly-developed forms amongst the fishes. 
They possess many diagnostic features 
which separate them from other classes of 
fishes. The members of this class of fishes 
exhibit wide range of adaptive radiation. 
Despite this fact they possess many 
common characters. These are: (1) The 
skin contains many mucous glands and the 
dermal scales are of ganoid, cycloid or 
ctenoid types. The scales may be absent in 
a few forms. (2) The unpaired and paired 
fins are mostly present. The fins are sup¬ 
ported by bony fin-rays. The fail is homo- 
cercal. (3) The mouth is terminal and is 
provided with teeth. The olfactory sacs are 
two and are dorsally placed. They have 
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no connection with the mouth cavity. (4) 
The skeleton is chiefly composed of bone. 
In sturgeons and some others the skeleton 
is cartilaginous. The jaw suspension is 
either hyostylic or amphistylic. (5) The 
heart is two chambered (one auricle and 
one ventricle) with sinus venosus and conus 
arteriosus,. Four pairs of aortic arches arc 
present. (6) Respiration takes place by gills 
which are covered by opercula. Usu¬ 
ally a swim bladder is present. (7) The 
gonads are usually paired. They are usua¬ 
lly oviparous although ovoviviparous and 
viviparous forms are recorded. Claspers are 
absent. Metamorphosis may be present. 

The class Osteichlhyes is divided into 
two subclasses Acliiiopteiygii and Cros¬ 
sop tcrygii. 

Subclass (1) Actinoptcrygii 

This subclass Actinopterygii gets its 
name from the characteristic pattern of the 
paired fins. The ‘ray-finned bony fishes’ 
inhabiting the seas or fresh water are in¬ 
cluded under the group. The paired fins 
are provided with basal supports which 
project outside the body wall. The basal 
supports are well-developed in ancient 
forms while in the recent genera these sup¬ 
ports are greatly reduced. The fin-web lies 
outside the body and is supported only by 
the fin-rays. T he body is covered by ganoid 
scales, but in crossopterygians the scales are 
of eosnioid type. In actinoplerygians, the 
scales may be modified or absent. The tail 
is mostly homoeercal which may be either 
semi-heterocercal or heterocercal in a few 
forms. The investing bones of the skull and 
jaws become greatly reduced in number in 


comparison to that of the crossopterygians. 
The spiracles, abdominal pores and a spiral 
valve in the intestine are present in primi¬ 
tive actinopterygians, while all these 
structures are absent in the advanced 
forms. The conus arteriosus is greatly 
reduced and a large bulbus arteriosus has 
been evolved. The conus is represented by 
one or two rows of valves. The brain is 
characterised by having the large medulla, 
cerebellum and corpus striata. The internal 
nostrils are absent. A pineal aperture is 
rarely present. Like all other groups of 
fishes, the classification of the subclass 
Actinopterygii, into different subgroups is 
unsatisfactory. The subclass is divided into 
three superorders, Ghondrostei, Holostei 
and Telcostci. The main differences are 
tabulated in Table Chordata— 6. 

Superorder 1. ghondrostei 

The superorder Ghondrostei is charac¬ 
terised by having (1) persistant notochord, 

(2) the skeleton is largely cartilaginous, 

(3) the scales may be absent or may be 
modified into scutes and (4) the absence of 
teeth. This superorder includes the fol¬ 
lowing orders under it. 

Order 1. Palaeaniscoidea. The members of this 
order are recorded in plenty in the Devonian strata 
and became extinct by the Triassic. The order is 
represented by Cfieirolepis\ Palaeomiscm and a few 
others. Although palaconiscids arose from the same , 
ancestral stock from which crossopterygians evolv¬ 
ed, the palaconiscids differ greatly from the latter. 
The eyes in palaeniscids are large in size and are 
provided with four sclerotic plates. Only one dorsal 
fin is present. The paired fins lack central axis and a 
series of divergent radials support the fins. The fins 
assume short and rounded muscular lobes. So the 
fins arc not of archipterygian type. The body is 


TABLE CHORDATA—6 



CHONDROSTF.T 

HOLOSTFI 

TKLXOSTEI 

1. Endoskcleton 

Partly cartilaginous. 

Partly cartilaginous. 

Completely ossified. 

2. Spiracular slit 

Present. 

Absent. 

Absent. 

3. Tail 

Strongly heterocercal. 

Abbreviated hetero- 
ccrcal. 

Homoeercal. 

4. Position of Pelvic fi^s 

Usually posterior. 

Usually posterior. 

Usually anterior. 
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covered by thick rhomboidal scales which are arti¬ 
culated by peg and socket joints. The scales are of 
ganoid variety. The palaeonrscids became diverged 
into different lines during the Carboniferous and 
Permian periods. The diversification is so great, it 
becomes difficult to draw the actual relationship 
between them. Cheirolepis is regarded as the most 
primitive type having atypical scales, small eyes and 
a flat skull roof. Examples: Cheirolepis , Birger in, 
Palaeoniscus, Cheirodus, Catopterus, Perkidus , Helkhthys . 

Order 2. Acipenseroidei. The order Aci- 
penseroidei includes the sturgeons which 
have descended from the palaconiscids 
and is characterised by the reduction of 
bones. The modern sturgeons inhabit the 
sea but migrate to the river for spawning. 
They feed on invertebrates which are col¬ 
lected from the muddy bottom by stirring 
up with the snout. 'The snout is elongated. 
The mouth is ventraliy placed, small and 
provided with barbels. The jaws are weakly 
developed and arc without teeth. The skull 
and endoskelcton are largely cartilaginous. 
The scales are also reduced. The tail is 
covered with small rhomboidal scales and 
in the rest of the body, there arc bony 
plates bearing spines arranged in five lines. 
The skin between the lines is beset with 
denticles. An open spiracle is present. By 
having the spiral valve in the intestine 
and the conus arteriosus, the sturgeons 
resemble the clasmobranchs. But the 
thin roof of the cerebral hemispheres and 
retention of many features establish their 
inclusion under the class Ostcichthyes. 
Examples: Acipcmcr (Europe, North Ameri¬ 
ca and Asia) , Scaphirhynchus or shovel-nosed 
sturgeon (North America and Central 
Asia), Polyodon or spoonbill sturgeon or 
paddlefish (Mississipi), Psephurus or spoon¬ 
bill sturgeon (China). 

Order 3. Polypterini (or Cladistia). This 
order is represented by Polypterus and P'rpe- 
toichlhys. The body is slender and is covered 
with thick rhomboidal scales. The scales 
are of ganoid variety. The basal part of the 
pectoral fins is narrow and covered by 
scales. The dorsal fin bears eight or more 
fin-lets, each is provided with an anterior 
spine. The swim bladder is modified into a 
paired lung-like structures with its outlet 
into the pharyngeal cavity. The lung-like 
swim bladder acts as an accessory respira¬ 
tory organ and helps Polypterus to survive 
the periodic drought. Because of the pre¬ 
sence of such structure, Polypterus is in¬ 
cluded with the crossopterygians by many 
authors. The spiracle is present and helps 
in the expulsion of excess water taken in the 


mouth cavity. A pharyngeohypophysial 
duct is present which is closed in adult 
Polypterus but remains open in Erpc- 
toichthys. The internal nostril is absent. 
The intestine bears a spiral valve. The 
larva possesses delicate external gills. 

The nature of the scales, presence of 
spiracle, the orientation of the gkull bones 
suggest to the origin of the group from 
some palaeoniseid forms. 

Examples: Polypterus (of Congo, Nile, 
Niger and Senegal rivers) and Erpetoi - 
chthys or Calamoichthys (of West Africa). 

Superorder 2. holostei 

The members of this superorder are 
varied in form and evolved from the pala- 
eoniscids during the late Permian. These 
different types of fishes become flourished 
during the Triassir and Jurassic, limes and 
are collectively called the holostcans. This 
group of fishes form a structural bridge 
between the Ohondrostei and Tclrostci. 
The group is characterised by having a 
hctcrocercal tail fin which ruay superfi¬ 
cially resemble the homocercal type. The. 
body is covered by ganoid scales which lack 
the middle cosmine layer. T he jaw suspen¬ 
sion is peculiar and the maxilla remains 
free from the preopercular. Loss of clavicle 
from the pectoral fin is a distinctive feature 
of holostcans. The spiracle is also absent. 
A single, swim bladder is present which is 
primarily hydrostatic in function. An¬ 
other important holostcan feature is the 
reduction of fin-rays. This polymorphic 
group is subdivided into five orders. Most 
of the representatives are extinct except 
possibly the fresh water forms. Lepisosteus 
(Lepidnsteus) and Ami a. 

Order 1. Semionotoidca. This order is re¬ 
presented by a single surviving genus Lepi¬ 
sosteus (or Lepidoskus), T hese fishes are 
popularly called the gar-pikes inhabiting 
the fresh water of central and north 
America. Lepisosteus exhibits many primi¬ 
tive features. It has an elongated body with 
a long snout for catching other fishes. The 
body is covered by thick rhomboidal 
ganoid scales. T he sw im bladder opens into 
the pharynx and has a cellular wall. The 
tail is nearly symmetrical. The heart pre¬ 
sents primitive characters like the pre¬ 
sence of a long valvular conus arteriosus 
and absence of bulbus arteriosus. The cla¬ 
vicle is present in a reduced condition. The 
spiracle is closed. The pyloric caeca arc 
present. The maxilla is greatly reduced. 



152 


BIOLOGY OF ANIMALS 


The vertebrae arc of opisthocoelous type. 
The jugal plates arc absent. 

Order 2. Amioidea. The members of the 
order originated in the Mesozoic era, but 
they persist to-day by a single North Ameri¬ 
can genus Amia or Bow-fin. Amia bears an 
admixture of primitive and specialised 
characters, The scales become reduced to 
bony cycloid types. The tail fin is external¬ 
ly symmetrical (homoccrcal). The swim 
bladder is modified into a bilobed dorsal 
‘lung 5 . The maxilla and the check bones 
are greatly reduced. The spiral valve is 
vestigial. The conus arteriosus is reduced 
but the bulbus arteriosus is considerably 
developed. The pyloric caeca are absent. 
There is a single large jugal plate between 
the rami of the lower jaws. The vertebrae 
arc of amphicoelous type. The eggs are 
small and the cleavage is holoblastic. 

Order 3. Pyaiodovluidea. This order includes the 
extinct forms examplified by Gyrodus, Mesturus, 
Pyr nodus, etc. The body is laterally compressed 
arid covered by rhornboic scales. The tail region may 
lack scales, 'flic opercular apparatus is reduced. 

Order4. Aspielorliymhoidea. This order also inclu¬ 
des the fossil forms. The vertebral column is compo¬ 
sed of ring-shaped amphicoelous vertebrae. The tail 
fin is luftnocfrrcal. Examples: Aspidorhynclnis, Belonos- 
lomus. ; 

Order .V Pholidophoroidin. This order also includes 
the extinct holoccphalans typified by Pholidoplew us . 

SupiTordcr 3. teleostei 

Deriving from a lioloslean stock, the 
tcleosteans constitute the most successful 
group of fishes. They exhibit great diversi¬ 
ties in form, habit and habitat. The super 
order Tcleoslei is characterised by the fol¬ 
lowing features: (1) The spiracle is lost. 
(2) The spiral valve in the intestine is 
absent. (3) The conus arteriosus is greatly 
reduced and may be represented by one or 
two rows of valves. There is an enlarged 
bulbus arteriosus. (4) The swim bladder 
is essentially a hydrostatic organ. (5) The 
scales lack ganoinc layer. (6) The maxilla 
is greatly reduced. (7) The lower jaw is 
composed of dentary, angular arid arti¬ 
cular. (8) The clavicle is absent. (9) The 
cndoskeleton is fully ossified. (10) The ver¬ 
tebrae are amphicoelous. (11) The skull 
bears a single provomer and a single 
supraoccipital bone. (12) There arc inter¬ 
muscular bones which function as the ribs. 

(13) The paired fins lack a central axis. 

(14) The gills are filarnentar in nature. 

(15) The urinogcnkal system is highly 
developed, (16) The brain lacks optic 


chiasma. T he roof of the cerebrum is ex¬ 
tremely thin. The classification of the 
Teleostei into smaller groups is a very 
difficult task because the different evolu¬ 
tionary lines show very little difference. 

The superorder Teleostei includes thirty 
two orders. The characteristics of the orders 
are described in brief and most of the 
examples of the orders cited below are 
Indian species. 

Order 1. Isospondyli or Clupeiformes . The 
herring-like fishes are included under this 
order. These fishes may inhabit the fresh 
water, seas or estuaries. T he scales cover¬ 
ing the body are well-formed and arc of 
cycloid type. The tail fin is homoccrcal. A 
single dorsal fin is present. The ventral fin 
may be absent. The fins are devoid of fin- 
rays. The pyloric caeca arc numerous. T he 
Weberian apparatus is lacking. The fishes 
originated during the Jurassic period and 
extend upto the present day. 

Examples: Clupea (Herring), Salmo 
(Trout), Salmo gairdnerii (Indian trout in¬ 
troduced from America), Naloplerus chitala 
(Ghital fish), JVotopterus noloplerus (Faloi 
fish), lilops saurus , Hits a ilisha , Ill's ha don - 
gala, Chirocenlrus dorab , Megalops cyprinoules , 
Albula vulpes. 

Order 2. Haplomi. The representatives of 
the order possess the fins that are provided 
with soft rays. The pyloric caeca are ab¬ 
sent. They extend from the Miocene to the 
recent. Example: Esox (Pikes). 

Order 3. Iniomi or Scopeliformes . The fishes 
included under the order arc deep sea 
forms. All the fishes possess the phospho¬ 
rescent organs which develop by the modi¬ 
fication of the integumentary glands. The 
swim bladder is usually absent. The mouth 
is wide and armed with numerous 
minute teeth. The dorsal and ventral fins 
lack spines. The body is almost c\ lindrical. 
The fishes extend from the cretaceous 
period to the recent. 

Examples: Myctophum and Synodus are the 
foreign genera and are called the lantern 
fishes. Harpodon nehereus of Bombay coast is 
the single Indian species under the order 
and is popularly called the ‘Bombay 
duck’. 

Order 4. MiripinnatL The members of the 
order are characterised by having scalelcss 
body. The lateral line organs are located on 
projections. Example: Miripinna . 

Order 5. Giganturoidea or Gigantiariformes . 
These fishes are devoid of pelvic fins and 
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swim bladder. The lower lobe of the tail 
fin becomes elongated. Example: Gigantura. 

Order 6. Lyomeri or Saccopharyngiformes . 
The body of the fish is ecl-like and is with¬ 
out scales. The pelvic and caudal fins are 
lacking. The mouth is large. Example: 
Saccopharynx . 

Order 7. Ostariophysi or Cypriniformes . 
This order includes a large number of 
varied forms. The members are charac¬ 
terised by having a peculiar Weberian 
apparatus between the ear and the swim 
bladder. The swim bladder is connected 
with the gut by a duct. The fins are usual¬ 
ly provided with spine. The ventral fin is 
abdominal in position. The representatives 
of the order are placed under two divisions. 

Division 1. Gyprini. The body may be 
scaleless. The scales, when present, arc 
without bony plates. The third and fourth 
vertebrae do not fuse with each others. 

Examples: Labeo rahita (Rohu), Cyprinus 
carpio (common carp), Labeo calbasu (Cal- 
bash fish), Gatla catla , Cirrhina rnrigala (Mri- 
gal fish), Puntius ticto, Tor tor , Rasbora datii- 
conius , Carassius auratus (Gold fish). 

Division 2. Siluri. The body is naked. 
The reduced maxillary bone supports the 
barbels. The second, third, fourth and 
fifth vertebrae are usually fused. Examples: 
Glorias balrachus (Magur), Heleropneustes 
fossilis (Singhi), Wallago attu (Boyal fish), 
Myslus seenghala (Tengra), Rita rita , Chaca 
chaca , Bagarius bagarius. 

Order 8 . Apodes or Anguilliformes. This 
order includes the eels. The body is elon¬ 
gated and slender. The scales may be lack¬ 
ing, if present, these are very small in size 
and remain embedded in the integument. 
The pelvic fins arc usually absent, when 
present, are abdominal in position. The 
dorsal and anal fins are long and narrow. 
The fins lack the spines. The swim 
bladder is connected with the gut by a duct. 

Examples: Anguilla bengalensis and Angu¬ 
illa bicolor are the fresh water forms. 
Muraena punctata is the marine form. 

Order 9. Heteromi or IJalosauriformes or 
Motocanthiformes . The body is slender. The 
tail is long but. the caudal fin is absent. The 
oviducts are lacking. Example: Notocan - 
thus. 

Order 10. Synentognalhi or Beloniformes. 
The body is covered with cycloid scales. 
The pectoral fins are shifted to the dorsal 
side of the body and become greatly en¬ 
larged. These fishes are mostly marine. 
The ventral fins have shifted to abdominal 


side. Examples: Garfishes (Strongylura stron- 
gylura , Xenentodon cancila), Flying fishes 
(Exocoetus volitans , Cypselurus poecilopterus ) 
and Half beak (Hemirhamphus georgii). 

Order 11. Salmopercae or Pcrcopsiformes . 
This order includes the North American 
genera, Percopsis , Columbia. The dorsal and 
ventral fins are preceded by qjne to four 
spines. 

Order 12. Microcyprini or Cyprinodonti - 
formes . The order includes many small 
sized fishes where the pelvic fins may be 
absent. The fins are spineless. The mouth 
is protractile. There is a single dorsal fin. 
Examples: Cave fish ( Typhlichthys ), Top 
Minnows (Cyprinodon y Gambusia ). 

Order 13. Solenicthlhyes or Syngnathifor- 
mes. The mouth is placed at the tip of a 
tubular snout and is suctorial. The body is 
covered with scales or bony rings. The 
males possess brood pouch for the develop¬ 
ment of the youngs. Examples: Sea horse 
{Hippocampus) , Pipefishes ( Syngnathus> Tra - 
chyrhamphus). The typical Indian species of 
pipefish is Trachyrhampus scrralus. 

Order 14. Anacanthini or Gadiformcs or 
MacruriJbrmes. The members •under the 
order have soft-rayed fins, i.e., the fins lack 
spines. 'The body is covered by cycloid 
scales. The swim bladder lacks duct. Ex¬ 
amples: Cods ( Gadus , Bregmaceros ), Hakes 
( Merluccius ), Burbots {Lola). 

Order 15. Allotriognathi or Lampridifor tries. 
The fishes are marine, 'lhe eyes are very 
large. The teeth are either feebly developed 
or absent. Examples: Lampris y Trachypterus , 
Regalecus. 

Order 16. Beryamorphi or Beryciformes . 
The fishes belonging to the order are most¬ 
ly the deep sea forms. The pelvic fins bear 
more than five soft rays. Example: Squirrel 
fish {Holocentrus ). 

Order 17. ^eomorphi or ^eiformes. The 
anal fin is preceded by one to four spines 
which form separate fins. Example: Zeus 
faber . 

Order 18. Percomorphi or Perciformes . This 
order includes a large number of fishes 
popularly called the perches. The fishes 
show great diversity in form and habit. 
The dorsal and anal fins are provided with 
both spiny and soft fin-rays. Two dorsal 
fins are present. The Weberian apparatus 
is absent. The swim bladder lacks a duct. 

Examples: Scomber , Etheostoma , Perea , 
Micropterus , Lates calcarifer (Bhetki), Chat- 
todon vegabundus (Angle fish), Toxoles micro- 
lepis (Archer fish), Tilapia mossambica 
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(American koi), Trichiurus haumela (Rib¬ 
bon fish), Rastrelliger kanagurta (Mackerel), 
Pterois russelii (Scorpion fish), Stromateus 
argenteus (Silver promfret) Anabas tesiudi - 
neus (Koi fish). 

Order 19. Gobimorphi . The fishes under 
the order arc carnivorous and some are 
marine. They have suborbital ring devoid 
of a bony support for the operculum. The 
gills are four and the gill-membrane is 
attached to isthmus. The pelvic fins are 
located below the pectorals and each pec¬ 
toral contains one spine and four or five 
soft rays. The first dorsal fin may contain 
a few weak spines. The pyloric caeca and 
swim bladder arc absent. Examples: Gobius , 
Periophthalrnus , Boleophlhalmus. 

Order 20. Scleroparei . The mail-cheeked 
fishes constitute the order. Extra spines are 
present over the head and body. A bone 
may be present across the cheek. Exam¬ 
ple's: Sebastes , Coitus, Gasterosteus. 

Order 21. Thmacostei or Gasterosleiformes. 
The scales covering the body become modi¬ 
fied into spines. The number of the spines 
may vary from three to ten. Example: 
Gasterosteus ; 

Order 22. Hyposlornid.es or Pegasiformes. 
The fishes are smaller in size. The body is 
enclosed in a bony box. Example: Dragon 
fishes (Pegasus). 

Order 23. Heterosomata or Pleuronectifar - 
mes. The fishes under this order arc adapt¬ 
ed for bottom living. The body is highly 
compressed and the eyes are shifted to one 
sfiwof the dorsal side 4 of the head. The fins 
lack spines. The swim bladder is absent. 
The head is asymmetrical. Examples: 
So lea ovata, Psettodes erumei , Cynoglossus 
lingua. 

Order 24. Discocephali or Echeniformes . 
The order includes the sucker fishes where 
the first dorsal fin is modified into a flat oval 
adhesive disc on the upper surface of the 
head. The other dorsal fin and the anal 
fin are spineless. The body is covered by 
cycloid scales. The swim bladder is absent. 
Examples: Remora remora , Echeneis nau- 
crates. 

Order 25. Plectognalhi or Tetrodontiformes. 
The fishes have short and powerful jaws. 
The scales become modified into spines. 
Examples: -Globe fishes ( Tetrodon cutcutia , 
Tetrodon patoca) , Truftk fish ( Ostracion gib - 
bo-sus) , Porcupine fish (Diodon hystrix ), Sun 
fish ( Molamola ). 

Order 26. Malacidithyes or Icosleiformes. 
There arc no spiny rays in the fins and the 


endoskeleton is less ossified. Example: 
Icosteus . 

Order 27. Xenopterygii or Gobiesociformes. 
The fishes have naked body with an adhe¬ 
sive disc on the abdomen. Example: 
Gobiesox . 

Order 28. Haplodoci or Balrachoidiformes . 
The fishes have a very wide mouth and a 
depressed head. Examples: Toad fishes 
(. Porichthys , Opsanus). 

Order 29. Pediculati or Lophiiformes . T his 
order includes the Angler fishes and some 
deep sea fishes. The spinous dorsal fin bears 
a few flexible rays which become dilated 
at the terminal ends. The fishes possess 
luminescent organs. Example: Angler fish 
(Antennarius). 

Order 30. Opisthomi or Mastacembelifor - 
mes. The fishes under the order are called 
the spiny eels. They have eel-like body 
with tubular nostril situated on fleshy ten¬ 
tacle at the end of the snout. The dorsal, 
caudal and anal fins become united to 
form a continuous fin. In Macrognalhus , the 
caudal fin has a separate entity. Many free 
spines are present on the dorsal side of the 
body. The pectoral fins are present. Exam¬ 
ple's: Mastacembelas , Macrognalhus. 

Order 31. Synbranchii or Synhranchifor¬ 
mes. This order also includes the eel-shaped 
fishes. The body is elongated with the dor¬ 
sal and ventral fins devoid of fin-rays. The 
pectoral fins are absent. Examples: Amphi- 
prions cucfiia, Symbranchus bengalcnsis. 

Order 32. Channiformes. The order Chau- 
niformes includes commonly the snake 
headed fishes. The head is depressed and 
covered by large plate-like scales. The fins 
arc devoid of spines. The swim bladder 
lacks a duct. The accessory respiratory 
organ (suprabranchial organ) is present. 
Examples: Channa (Ophiocephalus) punc talus 
(Lata fish), Channa striatus (Shole fish), 
Channa gachua (Chang fish), Channa marulius 
(Shal fish). 

Subclass (II). Grossoptcrygii (Choanich- 
thyes) 

The lung fishes and their allies are in¬ 
cluded under tliis subclass. The crossop- 
terygians represent a very interesting group 
of fishes and present many characteristics 
of the tetrapods. This group is represented 
to-day by four living genera, but the relics 
of the group can be traced back to the 
Devonian period. The subclass crossop- 
terygii possesses the following features: 
(1) The paired fins are provided with a 
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large median lobe and arc covered by 
scales. (2) The pectoral fins are supported 
by a jointed median axis, with radials 
arranged on its two sides. (3) The body is 
covered with scales. Scales are covered by 
thick cosminc layer. (4) The swim bladder 
is modified into ‘lung’. (5) The nostrils 
open into the mouth cavity. (6) The jaw 
suspension is autostylic. The subclass 
Crossopterygii includes two orders: Rhipi- 
distia and Dipnoi. 

Order 1. Rhipidistia. This order includes 
the members of the fishes which possibly 
hold the key of tetrapod evolution. These 
fishes have ossified skull and the teeth are 
borne on both the premaxilla and maxilla. 
The tail is partly heterocereal. 

Suborder (i). Osteolepidoti. 

These fishes arose during the mid-Devo¬ 
nian period and constitute the earliest and 
most primitive members of the rrossop- 
lerygians. They become extinct during the 
permian period. The characteristic fea¬ 
tures are: (1) The body is elongated with 
two dorsal fins. (2) The tail fin is hetero- 
cercal. (3) The paired fins assume a scaly 
lobed form. (4) The pectoral fins are sup¬ 
ported by a basal element. This dement 
is attached with the pectoral girdle by one 
end and the tip is provided with slender 
branching rods. (5) The body is covered 
by thick, pitted rhomboidal cosmoid scales. 

(6) The skull is well ossified and composed 
of series oi'bony plates. The head bones are 
also covered by a layer of cosminc. The 
top of the skull is divided into two parts by 
the presence of a transverse joint between 
the parietal and postparietal. An unossi¬ 
fied gap is present at the base of the skull. 

(7) Thejaw suspension is of autostylic type. 

(8) The teeth arc simple cones. Two types 
of teeth are present in Osteolepidoti. The 
premaxilla, maxilla and dentary are sup¬ 
plied with many shaply pointed small 
conical teeth. Besides these small teeth, 
the prevomer, palatine and epipterygoid 
bear large teeth which can be replaced. 
These teeth show a peculiar infolding of the 
enamel. This feature is not found in other 
fishes but resembles that of earliest tetra- 
pods. (9)^ The eyes are small and sup¬ 
ported by many sclerotic plates. Examples: 
Osteolepisy Megalichthys , Rhizodus , Euslheno - 
pteron , Thursius. 

Suborder (ii). Coelacanthini or Actinistia 

The osteolepids became extinct by the 
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early Permian, but an isolated line arising 
from them evolved directly into the co- 
elacanths. The coelacanths leave behind 
a good fossil record and survive to-day by a 
single genus Latimer ia chalumnae. The 
coelacanths are characterised by having 
the following features: (l) The internal 
nostrils are absent in the Ibssjji forms. (2) 
The tail fin is diphycereal with three dis¬ 
tinct lobes. (3) There are two dorsal fins. 
(4) The paired Jins assume short peduncu¬ 
late lobed structure. These paddle-likc 
fins are covered by scales and the fin-rays 
are attached in a fan-shaped fashion. (5) 
The vertebral column is mostly unossified. 
The notochord persists as a massive un¬ 
cons trie led rod. The neural and haemal 
arches may be present. (f>) A calcified 
swim bladder is present. (7) The teeth arc 
borne only at the tip of the pmnaxilla 
and den Vary. 

Examples: Cadacanthus , Macropoma , Un¬ 
ci in a, Latimcria chalumnae 

Order 2. Dipnoi or Dipncusti or Dipneu - 
niones. The Dipnoans or ‘lung-fishes’ con¬ 
stitute this order. The position of the dip¬ 
noans amongst the fishes is quite signifi¬ 
cant. They constitute a sort of transitional 
group bet ween the l eleostei and the amphi¬ 
bians. The lung-fishes originated during 
the middle Devonian and flourished well 
in the Permian and Triassic periods. They 
arc surviving to-day by three living genera, 
Neoceralodus, Prntoplcrns and Lepido siren. 
The living dipnoans are classified under 
two suborders Monopiicumnna and Dip- 
ncumona. 

Suborder 1. Monopncumona 

The dipnoans having a single ‘lung’ fall 
under this suborder. The jointed lateral 
rays of the paired fins are well developed. 
The typical representative is Neoccratodus . 
The mesozoic form, Ccralodus is also in¬ 
cluded under it. 

Suborder 2. Dipneuinona 

The dipnoans with double ‘lungs’ arc 
included under this suborder. The lateral 
rays of the paired fins are extremely re¬ 
duced. The lateral rays may be absent. 
Examples: Protopterus and Ifpidosiren . 

Besides the surviving genera, many 
remarkable extinct genera are also record¬ 
ed. The mid-Devonian genus, Diplerus is 
the most primitive dipnoan recorded in the 
geological history. The upper Devonian 
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genera are: Pentlandia> Scaumenacia, Phaner- 
opleuron , Rhyne hodip terns, Fleuraiitia. (Jrone- 
mus is present in lower Carboniferous, 
Conchopoma in the lower Permian and 
Ctenodus, Sagenodus arc recorded both in the 
Carboniferous and Permian periods. 

GENERAL, ORGANISATION ON 

FISHES 

Fishes have undergone extensive adap¬ 
tive modifications and exhibit an endless 
variety of forms in different environments. 


The organisation of the fishes is so diverse 
that it is difficult to give a complete and 
comprehensive account of the group. 

SIZE 

The fishes vary extensively in size rang¬ 
ing from 10 mm long tiny Pandaka (Philip¬ 
pine goby) to the giant tertiary elasmo- 
branch, Carcharodon of about 24 m long. 
The largest living fish is Rhinodon (ovipa¬ 
rous whale shark of tropical seas) which 
attains; a length of 21 m. The dogfishes of 
the genus Squalus grows to an average 


TABLE CHORDATA —7 

Comparison between Chondrichthyes and Osteichthyes 


Fca lures 

CriONDRTCHTHYKS 

OSTEICHTHYES 

1. Habitat 

Mostly marine. 

Both fresh water and marine. 

2. Exoskelcton 

The body is covered by pla- 
roid scales. The teeth are modified 
placoid scales. 

The body is provided with thin 
overlapping scales. The scales are of 
cosmoid, ganoid, cycloid or ctenoid 
types. 

3. Caudal fin 

Tlu; caudal fin is upturned and 
asymmetrical (Heteroccrcal). 

Symmetrical (Hoinocercal). The 
caudal fin may be secondarily iso- 
cereal, gephyrocercal, abbreviated 
homoccrcal or diphycereal. 

4. Topography of 

IQOUtll 

The mouth is situated on the ven¬ 
tral surface of the head. The position 
is actually subterminal. 

The mouth lies terminally. 

i). Gill-openings 

In most of the fishes, except certain 
primilivc sharks, there arc usually 
five pairs of gill-openings. In holo- 
ccphalaus, operculum is developed. 

The gill-openings are covered by 
operculum so that a single exit is 
visible on each side. 

6. Spiracles 

In all the rays and some sharks, a 
pair of spiracles opens just behind the 
eyes. 

Spiracular openings arc absent. 

7. G la specs 

The males are provided with clas- 
pers to introduce sperms into the 
genital tracts of females. 

The clapsers are absent. i 

8. Endoskeleton 

| Cartilaginous. 

Mostly bony. \ 

9. Jaw suspension 

j Hyostylic. 

Mostly amphistylic. 

10. Intestine 

Short and its lumen contains com¬ 
plicated spiral valve. 

Long and is devoid of spiral valve. 

11. Swim bladder 

Absent. 

Present. 

12. liggs 

j Females lay a few large eggs or give 
| birth to Jive youngs. 

Females lay numerous small eggs. 

13. Fertilization 

• 

Internal. 

j 

The eggs and sperms are shed 
into the surrounding water and 
fertilization is external. 















PHYLUM CHORDATA—FISHES 


;'Fr>v-d 


length of about 1 in. Majority of the sharks 
do not exceed 2.5 m. 

The rays are mostly 30-90 cm in length 
and the giant ray, Manta birostris (Devil 
fish) measures 5.1 in in length and 6.5 m 
across the pectoral fins. Bathytoshia (a 
Pacific sting ray) reaches 4.2 m in length 
and a width of about 2 m. The chimacras 
are usually less than 90 cm in length. 

The bony fishes are variable in size and 
no bony fish attains a length rivalling that 
of the largest known sharks. Most rif them 
are under 1 m in length. Huso huso (a 
sturgeon) grows to a length of 7.2 m. 
Sphyraena (tropical and subtropical barra¬ 
cudas) reaches about 2.4 m and Smasalmus 
(river-dwelling Piranha) rarely exceeds 60 
cm in length. Mislichthys luzonensis (a 
Philippine goby) measures 13 mm in 
length. Tetrapturus (spear fish) grows more 
than 4.2 rn in length, Istiophorus (sail-fish) 
is about 3.6 in and Arapaima gigus (south 
American Spear-fish) attains a length of 
about 4.5 m. 

SKIN 

'Hie skin of fish is composed of epidermis 
and dermis. A thick basement membrane is 
present between the dermis and epidermis. 
The epidermis is multilayered, but the 
stratum corneum is absent. The dermis is 
made up of connective tissues, blood vessels, 
nerves and smooth muscle fibres. The scales 
remain embedded in the dermis. The epi¬ 
dermis of fishes contains large mucous cells 
or Becker’s cells and chrornatocytes. The 
chomatocytes are also present in the der¬ 
mis. Besides the mucous cells, two types of 
sensory cells (, granular sensory cells and club 
cells) are encountered particularly in Acti- 
nopterygian fishes. The dermis is composed 
of the stratum laxum , the stratum compactum 
and a subcutaneous layer. The stratum laxum 
is a laminated fibrous layer into which the 
bases of the scales are held by Sharpey’s 
fibres while the stratum compactum is 
made up of a reticulum of delicate fibres. 
All these three layers are sharply demar¬ 
cated from each other. The skin glands 
become modified in many fishes. The 
poison glands and the photophores are the modi¬ 
fied skin glands. The pterygopodial glands 
situated at the root of the claspers of some 
rays and skates are modified skin glands. 
These glands help in the sexual activities. 

FIN SYSTEM 

The fins constitute the major propulsive 
organs in fishes. These are either the folds 


of skin or the projections from the body 
surface. The fins are supported by the fin- 
rays. These supporting rays may be bony, 
cartilaginous, fibrous or horny. There are 
mainly two types of fms in fishes: (1) Un - ' 
paired or median Jins and (2) Paired fins. The 
median fms include the dorsal y the caudal 
and the anal. The paired fins arc the pecto¬ 
rals and the peIvies. These paired fins corres¬ 
pond to the paired appendages of the land 
vertebrates. A great variety of fins is ob¬ 
served in fishes. 'The diversity in the fin 
system in fishes is due to their adaptive 
responsiveness. 

Origin of Jins. 'The median or unpaired 
fins in fishes have been originated from a 
continuous fold of tissue. This fold extends 
from the posterior region of the head and 
continues posteriorly around the tail and 
forward upto the anus. This fold is support¬ 
ed by ser ies of parallel cartilaginous rods. 
In course of development each supporting 
rod is divided into a lower piece, i.c., basal , 
embedded in the body wall and an upper 
piece lying in the fin fold, i.c., radial. From 
such a continuous fin-fold, the dorsal, 
caudal and anal fins have beerr evolved by 
the restriction of the racjials at certain 
areas and the progressive degeneration of 
the fold between them. This concept 
is supported by the enibryologieal eviden¬ 
ces and the unpaired fins in most of the 
existing fishes developed ontogcnically 
from such a continuous fin-fold. Most of 
the Ichthyologists are convinced regarding 
the derivation of the unpaired fins from the 
continuous fin-fold, but controversy exists 
as regards the origin of the paired fins in 
the phylogenetic development, of the fishes. 
Two main theories arc: (A) GilJ-arch 
theory and (B) Fin-fold theory. 

Gill-arch theory. The idea of the origin of 
the paired fins from the gill-arches was 
advance3 by Gagenbaur. According to 
him, the paired fins arc the modified gill 
structures and the girdles represent the gill-? 
arches. The position of the pelvic fins is 
explained on the assumption that some of 
the posterior gill-arches have been shifted 
posteriorly. This idea finds no support 
From the cmbryological, morphological 
and palaeontological studies. 

Lateral Jin-fold theory . This theory was 
first proposed by Balfour and Thacher and 
later on supported by most eminent Zoolo¬ 
gists, like Wiedershiem, Parker, Goodrich 
and many others. According to this theory, 
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the paired fins have originated from a pair¬ 
ed lateral fin-folds running down each side 
of the body behind the gill openings upto 
the end of the tail. (Fig. 5.56). These lateral 



Fig. 5.5(>. Schematic; representation of the deri¬ 
vation of the fins in fishes according to the fin-fold 
theory. 

fin-fokls are separated at the anterior part, 
but become fused posteriorly as a median 
ventral fin-fold. There is also a continuous 
median dorsal fin-fold. The condition of 
the lateral fin-folds in the ancestral forms 
was presumably like the metaplcural folds 
of Branchiostoma . Exist erne of such lateral 
fin-folds is furnished by an archaic fossil 
vertebrate, Jamoylius kerwoodi discovered 
from the* upper Silurian and also from the 
study of some fossil cyclostomes and some 
primitive fishes. There an* many palaeon¬ 
tological and ernbryological evidences in 
favour of the origin of the paired fins from 
the lateral fin-folds. Some of the evidences 
are: (1) Although the structure of the pair¬ 
ed fins varies greatly in different fishes, the 
mode of development is strikingly similar. 
The ernbryological stages of fin formation 
give support to the presence of continuous 
fin-fold. (2) The condition of the paired 
fins in an extinct shark, Cladoselacfte adds 
more weight to this idea. The pectoral and 
pelvic fins in this form are very wide and 
lack posterior and anterior notches from 
the body wall. Presence of such constric¬ 
tions is a characteristic feature of other 
fishes. The fins are supported by parallel 
arrangement of simple cartilaginous rods. 
Such an arrangemen* of supporting rods 
and lack of notches are suggestive of the 
origin of the fins from the continuous fin- 
folds. (3) In lower Devonian placoderms 
(Acanthodians), a scries of spines extends 
ventrally from behind the head to the anal 


fin. This also suggests the presence of conti¬ 
nuous fin-fold. The idea of the fin-fold 
origin of the paired and unpaired fins in 
fishes is supported by the anatomical, 
ernbryological and palaeontological evi¬ 
dences. This theory is accepted by all the 
workers in this field of research and the 
gill-arch theory of Gagenbaur has become 
a theory of historical importance. 

UNPAIRED FINS 

As stated above the unpaired fins include 
the dorsals, caudal and anal. 

Dorsal and anal fins. These unpaired fins 
show great; variation in structure and dis¬ 
position. Amongst the Chondricthycs, the 
primitive Jiving forms like Chlamydoselachus , 
Ileptranchias and Hexanchus possess single 
dorsal fin, while in the rest of the forms the 
dorsal fins are two in number. The fins 
are supported by many horny fin-rays 
(ceratotrichia) located beyond the cartilagi¬ 
nous radials. Both the ceratotrichia and the 
radials remain completely covered by the 
integument. But in the bony fishes, the 
radials lie in the muscles and the basals 
within the body. In higher telrosts, the 
radials become reduced to bony or carti¬ 
laginous nodules. The nodules are situated 
within the muscles of the body and are 
attached with the fin-rays (Jcpidotrichia). 
The fin-rays are actually the modified 
scales. Usually the number of the fin-rays 
corresponds directly to the number of the 
radials, but in the Dipnoansand Sturgeons, 
the fin-rays exceed the number of the 
radials. 

In many actinopterygians, the dorsal fin 
is preceded by many spines. Presence of a 
single dorsal fin is a primitive feature 
amongst the actinopterygians. This condi¬ 
tion is observed in fossil forms as well as in 
some extant creatures like Lepiso'teus and 
Acipenser . In higher forms there are two 
dorsal fins. The crossopterygians possess 
two dorsals, of which the posterior one is 
larger excepting in Latimeria where the 
condition is just reverse, i.e., the anterior 
one is larger. In Polypterus , the dorsal fin is 
divided into a number of fin-lets, each is 
having one stout spine supporting a mem¬ 
branous flap. 

Th£ modifications of the unpaired fins 
are related with their particular role in 
propulsion. In the sharks, the dorsal fins 
are well-developed and act as the stabiliser, 
but in the rays the dorsal fins are reduced 
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because they are adapted to live at the 
bottom of the sea. In Sting rays and Eagle 
rays, the dorsal fins are totally absent. In 
Bull-headed sharks, both the dorsals are 
preceded by a strong shapely pointed 
spine. The spines are defensive organs and 
are also associated with the poison glands 
as, seen in Squalus (spiny dog fish). In 
bony fishes the dorsal fin shows extensive 
variations, specially in shape, size and 
position. It is present in almost all the forms 
excepting Electrophorus (Electric eel) where 
it is either lost or reduced to a mere fila- 
ment-likc structure. In primitive bony 
fishes, the fins arc supported by flexible 
rays and in the actinopterygians the rays 
have converted into stiff spines. In an eel, 
Acanthenchelys , the dorsal fin is supported 
by both soft rays and stiff spines. The deve¬ 
lopment of the spines in the unpaired fins 
in many fishes added a new function of 
defence in addition to their role in pro¬ 
pulsion. The spines exhibit great varia¬ 
tions amongst the fishes. In many fishes, 
notably Trachinus and Synanceia, the spines 
supporting the dorsal fin are connected 
with the poison glands. 

Extreme modification is observed in tlic 
sucker fishes ( Echeneis , Remora) where the 
spinous dorsal fin becomes transformed 
into an oval adhesive disc over the head. In 
Angler-fishes, the dorsal fin is highly modi¬ 
fied. The first ray of this spinous fin is loca¬ 
ted on the snout and transforms into a flexi¬ 
ble filament with a membranous appendage 
at its tip. In deep sea Angler-fishes inhabit¬ 
ing the totally dark realm, a luminous bulb 
is present on this appendage. The luminous 
bulb varies in shape and size and produces 
light to attract small fishes. In Lasiogna - 
thus , this appendage is composed of a stout 
rod-like basal part and a slender filament. 
Besides the luminous bulb, a series of non¬ 
functional hooks is present. 

The artal fin, like that of other unpaired 
fins, also shows variation in shape and size 
in different fishes. In fishes, where this fin 
acts as a locomotory organ, the anal fin is 
greatly elongated. It is usually supported 
by soft rays. In some forms, a few anterior 
rays become transformed into spines. The 
anal fin is mostly single, but in Gadus and 
some other* related forms the anal fin is 
divided into two parts. The anal fin in the 
males of the South American and South 
Ameri ?an Cyprinodonts becomes modified 
into complicated intromittent organs. The 
third to fifth fin-rays are enlarged and 
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contain either a groove or closed tube into 
which the reproductive ducts open. 

Caudal fin. Of the unpaired fins, the 
caudal fin plays the important role in forr 
ward propulsion during swimming. The 
caudal fin is highly developed in most 
fishes excepting Hippocampus and some of 
the eels under the order Anguilliforrnes. 
In Hippocampus (Sea Horse) the tail is 
prehensile. In bottom-living Rays, the 
caudal fin tends to become reduced and 
in the Sting Rays the caudal fin is lacking. 
The tail in the latter forms is produced into 
a long whip-like tapering structure. The 
caudal fin in the rest of the fishes exhibits 
a good deal of variation (Fig. 5.57). Three 
major types of caudal fins arc encountered 
in different fishes. 

Pro luce real or Diphycercal. This type of cau¬ 
dal fin is regarded to be the most: primitive 
type. The vertebral column extends upto 
the tip of the tail and divides the caudal 
fin into two equal halves. The dorsal half 
is called the epichordal lobe and the ventral 
one is known as the hyfmhordal lobe. The 
epichordal and the hypochordal parts of 
the caudal fin are equal and symmetrical 
(Fig. 5.57 A, B, C). All the fishes pass through 
this stage duringdcveloptncut. In the living 
dipnoans, the caudal fin is of protoeercal 
type. In Latimcria, this condition is slightly 
modified. It is protoeercal with a sharply 
marked median lobe. Presence of prolo- 
cereal tail in some highly developed fish¬ 
es is possibly due to secondary modifica¬ 
tion. 

Heterocereal. In this case the vertebral 
column bends upwards. As a consequence 
the caudal fin is divided irfto two unequal 
halves. The vertebral column is bent up¬ 
wards and continues almost upto the tip 
of the fin. The epichordal pari is greatly re¬ 
duced while the hypochordal lobe is spe¬ 
cially enlarged to make the caudal fin 
asymmetrical both internally as well as 
externally (Fig. 5.57D) . This type of cau¬ 
dal fin is found in elasmobranch, extinct 
cro^soptcrygian and primitive actinoptery¬ 
gians. In most elasmobranchs, the caudal 
fin is usually keterocercal , but in Chimaera 
and Chlamydoselachus the caudal fin is of 
isocercal type (Fig. 5.57E). 

Homocercal. This type of caudal fin is the 
characteristic of the higher bony fishes. The 
fin is symmetrical externally but internally 
it is asymmetrical (Fig. 5.57G). The pos¬ 
terior end of the vertebral column is turned 
upwards and becomes greatly reduced. The 
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tip of the vertebral column is not reached 
to the posterior limit of the fin. There is no 
apparent dorsal lobe but the ventral lobe is 
greatly enlarged and divided into two equal 
superficial lobes. Most of the tclcosts retain 
the typical homocercal condition, but iri 
some forms this condition is slightly modi¬ 
fied. The modified caudal fins are: (1) In 
Cod and Tuna, the homocercal condition 
is modified. The upward terminal portion 
of the vertebral column is withdrawn. 
(2) In some deep sea fishes, (Anguillifor- 
mes, Notopleridae, Gymnarchidae, Macru- 
ridae) the upturned tip of the vertebral 
column becomes elongated and straight¬ 
ened out. The fin is actually the marginal 


extension above and below the elongated 
vertebral tip. The fin is supported by rays. 
Such a type of caudal fin is called the iso- 
cercal. Devclopmentally, the isocercal tail 
is formed by the reduction of size of the 
hypochordal lobe and elongation of the 
dorsal and anal fins—so that a continuous 
fin-fold is re-established. (3) In Fieraspis and 
Orthagoriscus , the caudal fin is completely 
disappeared with the truncation of the ver¬ 
tebral column. Such a type of fin on a 
rounded caudal lobe is regarded the 
gephyractual fin (Fig. 5.57K). 

The protocercal or diphycercal type 
of caudal fin is considered the most 
primitive type, the hctcroccrcal as the 
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intermediate stage and the homocereal 
condition represents the advanced stage. 
In many teleosts, the caudal fin starts as 
a dipliycercal then becomes hetcrocer- 
cal and finally assumes the homoccrcal 
condition. The transition of three types 
of caudal fin in the developmental history 
of fishes is significant from the phylo¬ 
genetic point of view. That the homoccrcal 
caudal fin is derived from the hetcroccrcal 
type is evident from the transitional types 
amongst the extinct and living bony fishes. 
In primitive forms like Acipenser and Polyo - 
clou, the caudal fin is strongly hetcroccrcal, 
while in Arnia and Lepisosteus , the caudal 
fin exhibits an intermediate condition bet¬ 
ween the heterocereal and homoccrcal 
type. The vertebral column is shortened 
and retracted at the base of the caudal fin. 
The fin has retained the reduced upturned 
fleshy cpichordal lobe, but the hypoehor- 
dal lobe is greatly enlarged to form only 
the unterovenlral lobe. This condition .is 
called either hi'mi he l croc meal or abbreviated 
homoccrcal type. Mosl of the early fishes 
possess hetcroccrcal type of caudal fin. 
from the hetcroccrcal condition the 
homoccrcal caudal fin is evolved by the 
gradual reduction of the upward (cpichor- 
dal) lleshy lobe. The homoccrcal condition 
is transformed into isocercal or abbreviated 
homoeerc al or gephyrocercal types of cau¬ 
dal fin. 

PAIRED HNS 

The paired fins, the pectorals and pri¬ 
vies, correspond the forelimbs and the 
hind limbs respectively of the letrapods. 
The pectoral fins arc usually situated just 
posterior to the gill-opening. The position 
of the pectoral tins varies slightly in diff¬ 
erent fishes. But the position of the pelvic 
fins varies considerably in different forms. 
Both these paired fins arc supported by 
dennotrichia (fin-rays) and sornactids (radia- 
Ua). In Cladosclache, a primitive extinct 
shark, the sornactids are arranged parallel 
to one another and arc termed as orthosti - 
chous type (Fig 5.58A). The rachiostichous 
type of fin skeleton (i.e., the sornactids arc 
represented by a jointed basal piece arti¬ 
culating with the girdle and provided with 
a posterior *postaxial and an anterior pre- 
axial r-si)ials. The radials are attached to 
the b 1 piece.) is observed in Ceratodus . 
SuciviRy^al-like structure of the fin is called 
the he f pterygium. In many fishes, parti¬ 
cularly elasmobranchs, the fin-skeleton 


assumes a fan-like form and is described 
as the rhipidoschous type. The question of 
primitiveness of the archiplcrygium type of 
fin as advanced by GJagenbaur is challenged 
by Balfour. According to him the fin skele¬ 
ton found in Cladosclache with parallel 
arrangement of sornactids appears to be 
more convincing. The parallel sornactids 
supporting the paired fins are possibly ori¬ 
ginated from the local specialisation of oner 
parallel sornactids of the continuous fin 
fold. 



(after Young). 

Pectoral Jins. The pectoral fins in the cJas- 
mobranchs are highly developed and arc 
larger in size in comparison to that of bony 
fishes. In Skates and Rays, the pectoral 
fins become enormously developed on the 
sides of the body and head. These lobe-like 
pectoral fins act as the principal locomotor 
organs. In bony fishes, the pectoral fins are 
paddle-like and small. In many bony fishes 
the outer margin of the fin is provided with 
a stout spine. In some Cat-fishes, the pec¬ 
toral spine is associated with a basai poison 
gland. The spines are defensive organs and 
in Doras and Glorias the pectoral spines also 
help in progression op land. ■ 

The pectoral fins are present in almost 
all the fishes except some of the Eels and 
Pipe fishes where the pectorals arc wanting. 
The pectoral fins are always longer in 
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speedy fishes but in the fishes of slow move¬ 
ment these arc broad and round. Neocera - 
lodus (Fig. 5.58C) possesses peculiar lobate. 
lcaf-likc pectorals, while in Lepidosiren and 
Protopterus , the pectorals become extremely 
elongated and filamentous. In Exocoetus 
(flying fish) the pectoral fins have been ex¬ 
tremely enlarged into the ‘wings* and help 
to make short aerial excursion. In Panlodon 
another flying fish of African rivers, the 
pectorals are greatly elongated and beat 
rapidly during flight. In Frog-fishes, Sea- 
toads and llat-fishes, the pectoral fins 
assume the appearance of “hands’* and 
help to crawl oil the bottom of the sea. The 
mud-skipper {Penophlhalmus) makes a short 
excursion over marshy land and the pecto¬ 
ral fms are specialised for the purpose*. The 
lin is membranous and is attached with a 
muscular stalk. In many fishes like Poly- 
nemus, Latris , some of the fin-rays support¬ 
ing I lie pectoral lins are modified for sen¬ 
sory function. These fin-rays have drawn 
out into delicate filaments containing sense 
organs. 

Pelvic fms. Like that of pectoral fms, the 
position and shape of (he pelvic, fins vary 
greatly in different fishes. The burrowing 
fishes usually lack the pelvic lins. In all the 
Eels, Pipe-fishes, the pelvic lins are lacking. 
In many bony fishes under the family 
Oadidao (Cods), the pelvic fms are reduc¬ 
ed to filaments. In bony fishes, the pelvic 
fins may be abdominal (between the anal 
and pectorals) or thoracic (more or less 
below the. pectorals) or jugular (in front of 
the pectorals) in position. 

The conspicuous specialisation of the 
pelvic fins lies in their transformation into 
sucking disc for attachment with stones or 
any other objects. Gastramyzon possesses a 
large sucker and both the paired fins parti¬ 
cipate in the formation. In Cyclnpterus 
(Lump-sucker) and Liparis (Sea-snail) simi¬ 
lar sucking disc is present. Another re¬ 
markable modification of the pelvic fins is 
observed in the skates and rays where the 
distal part of the pelvic fin is modified 
into ‘ claspers * (mixopterygia) in males. 

DIGESTIVE SYSTEM 

Fishes devour various types of food. Some 
of them feed exclusively on plant materials, 
others on animals and the rest are omni¬ 
vorous. As a result of adaptation to diff¬ 
erent feeding habitj, the digestive system 
becomes extremely modified. 


The first part of the alimentary canal 
of the fish is designated as the bucco- 
pliarynx which performs two functions: 

(1) collection of food and conveying them 
to the oesophagus and (2) respiration. In 
the predatory and the carnivorous fishes, 
viz., Wallago attu, Channa punctalus, Nolop ter us 
chilala ., llarpodon neherens , the buccopharynx 
is armed with strong teeth. In herbivorous 
forms as examplified by Lobro rohita, 
Cirrhina mrigala , the buccopharynx is 
divided into two portions: (1) an an¬ 
terior respiratory region and (2) a 
narrow posterior masticatory region. The 
plankton feeders may lack teeth in the 
buccopharynx. The nasal cavities are quite 
separate from the oral cavity excepting the 
choamchthyes. 'The oral cavity in fishes 
lacks glands excepting the simple mucous 
glands opening into it. The tongue in fislies 
is just a fold developed from the floor of the 
mouth cavity. The sensory receptors may 
be present in longue which lacks muscles. 
T ongue may be absent: in Rays. 

The teeth are modified according to the 
purpose they arc used. The location of 
teeth also varies greatly. Besides their 
normal location on the jaws, they may be 
present on tongue and on the hyoid arch. 
In most cast's, dentition is polyphyodont, 
i.c.. the fishes (particularly the sharks) do 
not keep the same set of teeth throughout 
life and their, is constant replaccmvnt of 
the older functional tcelh by the younger 
ones. The teeth are usually of acrodont 
(i.c., the teeth are linked basally with the 
jaws by fibrous membrane) and homndout 
types. The size and form of teeth exhibit 
great diversity in fishes. Simple conical 
teeth bearing longitudinal grooves and 
ridge s are regarded to represent the primi - 
tive condition. Such tcelh are present in 
extinct Crossoptci ygians and in Latimma . 
Usually the teeth in fishes are conical pro¬ 
jections, but may become modified into 
vertically flattened triangular plates as seen 
in sharks. In chimaeras and dipnoans, 
plate-like structures are formed by the 
fusion of several teeth for crushing inollus- 
can shells. In majority of telcosts, the teeth 
are recurved to prevent the escape of slip¬ 
pery prey. The teeth may be laigc in size 
in deep-sea telcosts. T 

There is no distinct differenad m bet¬ 
ween oesophagus and stomaclasa^j c *rding 
to Barrington, the stomach is a lejd Li por¬ 
tion of the oesophagus. Oryarchipccrci was 
meant for the reception of Irly ill *s of 

■1 * •' .. 
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food and secondarily became modified to 
produce acid and the enzyme pepsin. The 
significance of the division of the stomach 
into a descending cardiac pan and an ascen¬ 
ding pyloric part is unknown. Stomach of 
various shapes may occur in different fish¬ 
es. It is simple, straight and nonglandular 
in dipnoans. lnelasmobranchs, the stomach 
is usually 4 J’-shaped, but in teleosts the 
.shape varies greatly. In teleosts the sto¬ 
mach is usually ‘V’-shaped and the cardiac, 
region is prolonged into a blind pouch. In 
deep-sea teleftsts, it is higjily distensible. 
In certain forms, e.g., Cyprinus , Fundulus and 
Labrus the stomach is totally absent. In 
many teleosts, Hi ha , Alugil , Gadusia the 
stomach becomes greatly thickened to 
form a gizzard-like structure for the tri¬ 
turation of food. 

Presence of a spiral valve in the intes¬ 
tine in elasmobrandis is very common. 
Its arrangement may vary greatly in 
different forms. In some eases, the valve 
is not. spiral, but rolled in the form a 
scroll. But the spiral valve is usually absent 
in ostrich thyes excepting few forms like 
Polyplerus. In many forms (Lcpis os tens, Amin) 
it may be vestigial. 

Many fishers possess pyloric caeca, but 
the number varies greatly. In Somniosus , 
there is a pair of pyloric caeca. In Polyplmts 
there is only one pyloric caecum, but 
the number exceeds two hundred as seen 
in Mackerel. In some cases the pyloric 
caeca may be bounded together by con¬ 
nective tissue to form a compact mass. 
Histologically these caeca resemble the 
intestine and possibly increase the absorb- 
tive area of the gut. 

In elasmobrandis rectum terminates into 
a doaca. A rectal or digiliform gland opens 
into the dorsal side of the rectum. But in 
most teleosts, anus opens separately to the 
outside. The rectal gland is absent in 
Actinoptcrygians, but seems to be present 
in Lalimeria. 

In fishes, the liver is a large bilobed 
organ. The gall-bladder is present in almost 
ail forms excepting a few sharks. Elasino- 
branchs have a distinct pancreas, whereas 
in most teleosts, the endocrine part of the 
pancreas is encapsulated and separated 
from the exocrine part. Such isolated areas 
are designated as the principal islands. 

RESPIRATORY SYSTEM 

The fishes possess well-developed respi¬ 
ratory organs. 'The physiological process of 


respiration in "different fishes is essentially 
similar to that of any higher vertebrate. 
The only difference in the respiratory 
process being the organs of respiration. 
Fishes are the primary aquatic verteb¬ 
rates. They utilise the oxygen which re¬ 
main dissolved mostly in water. A few 
fishes have the power to breathe air. In 
fishes the respiratory organs arF the gills. 
Besides, some accessory respiratory struc¬ 
tures for aerial respiration arc encountered 
in some teleosts. In fishes where aerial res¬ 
piratory .structures have evolved, the gills 
in them play the subsidiary role. The gills 
constitute the elliciciu respiratory organs 
which are specially modified to utilise upto 
80% of the oxygen dissolved in water that 
passes over the gills. Whereas in man, the 
lungs an; capable of absorbing about 25% 
of oxygen from the air drawn into the pul¬ 
monary eavities. The riliciency of the gills 
as the respiratory organs in fishes depends 
upon two factors: (1) The structural orga¬ 
nisation of the gills and the nature of vas- 
eularisatiou and (2) the gills are bathed 
by the continuous llovv of water so that 
fresh oxygen is always brought^ in imme¬ 
diate contact with the gills. 

Primary respiratory organs 

T he primary respiratory organs of the 
fishes are the gills. 

Typical structure, of gill. Typically each 
gill is a comb-like structure having series 
of gill-filaments attached to the. ^gill— 
arch. Kadi gill-arch bears a double 
rows of gill-filaments. T he surfaces of each 
gill-filament is thrown into numerous small 
folds which increase the sum total surface 
area oft lie gills for gaseous exchange. The 
respiratory area of the gill in fishes depends 
on the size arid number oflhc gill-filaments. 
The development of respiratory area de¬ 
pends on the habit of lint fishes. In fast 
moving forms the respiratory area is in¬ 
creased, while in slow moving or sedentary 
forms the respiratory area of the gill is 
lesser. 'The principle of gill respiration is 
basically similar in all the fishes but the 
structure, number and orientation vary 
considerably. 

LOCATION OF GILLS 

The side walls of the pharynx a re per¬ 
forated by a series of ycrtical slit-like open¬ 
ings. Each pharyngeal opening leads into a 
flattened gill-pouch which communicates to 
the exterior by the external gill-slits. The 
gill-pouches are separated by inlerbranchial 
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septa which form the walls of the pouches. 
Those septa bear gill-filaments on their 
opposite walls. The external gill-slits are 
situated on the side of the anterior end of 
the head between the eyes and the pectoral 
fins. The gill-slits are usually short, but in 
Cetorhinus (huge Basking shark) these are 
very large and extend from the upper to 
the lower‘surface of the body. 'Die first 
slit-like aperture is designated the spiracle 
which is situated between the mandibular 
and hyoid arches. The second is called the 
hyoidean cleft which lies between the hyoid 
arch and the. first branchial arch. The rest 
of the gill-slits are located between the pos¬ 
terior branchial arches, lri most of the 
olasmobranchs, the number of the gill-slits 
is five on each side excluding the spiracle. 
But in some sharks the gill-slits may ex¬ 
ceed the normal number of five pairs. 
/lexanchus bears six pairs and Heptranchias 
possesses seven pairs of gill-slits in addition 
to the spirack's. 

In most of the clasrnobranchs, particu¬ 
larly in the sharks, the gill-pouches open 
diicctly to the exterior by independent ex¬ 
ternal gill-slits. In the sharks the partitions 
between the gill-slits are prolonged back¬ 
ward us the folds of skin to cover the exter¬ 
nal gill-sliis. But in the bony fishes, the 
internal pharyngeal gill-slits are present, 
but these do not open independently to the 
exterior. All these open into a common 
branchial chamber which is covered by a 
movable gill-cover or operculum. Each bran¬ 
chial chamber opens to the exterior by a 
large slit-like aperture. The opercula of 
two sides may overlap or fuse vent rally. In 
some aetinopterygians the degree of fusion 
becomes so great that the opercular open¬ 
ings become greatly reduced to small bila¬ 
teral slits or round openings as observed in 
the Eels. The operculum is supported by 
broad, flat bony plates which may or may 
not be supported by slender branchioslegal 
rays on the ventral. side. Amongst the 
olasmobranchs, the holoccphalans are 
operculate. These forms represent a stage 
which stands midway between the rest of 
the cartilaginous fishes and the bony fishes. 
In these forms, the intcrbranchial septa are 
shorter than the true sharks and the gills 
are lodged in a common branchial cham¬ 
ber. The outer side of this chamber is bor¬ 
dered by a (lap of skin resembling the oper¬ 
culum of the bony fishes. Each branchial 
chamber opens to the exterior by a single 
slit-like opening. 4 


FUNCTION OF GILLS 

The gills in fishes are mostly respiratory 
in function. Besides their respiratory role, 
the gills take part in the elimination of cer¬ 
tain waste products and thus help in the 
maintenance of salt balance. Both fresh 
water and marine tcleosts excrete nitro¬ 
genous waste products through the gills in 
the forms of ammonia and urea. Cyprinus 
(Carp) and Carassius (Gold fish) the gills 
excrete the nitrogenous waste products six 
to ten times more than that of kidneys. 

TYPES OF GILLS 

Based on location. Depending on the loca¬ 
tion of the gills, two types of gills are found 
in fishes: (1) Internal gills. When the gills 
lie inside the gill-pouches (sharks) or in llie 
branchial chamber (in holoccphalans and 
bony fishes). (2) External gills. The larval 
stages of many fishes develop external gills 
for respiration. The external gills are r>f 
two varieties depending on their develop¬ 
ment. These are: (i) True external gills. 
These are independent of the internal 
gills and developed as the modification of 
the integument. ( ii) Prolongations from the 
internal gills. These gills are located outside 
the body, but these are nothing but die 
prolongations of the internal gill-filaments 
which lie on the outer side of the body. 
True external gills occur in the young 
stages of Polypterus and Lcpidosiren. In the 
larvae of Prolopterus and Lepidosiren , four 
pairs of small external gills arc present. 
With the attainment of adulthood, the ex¬ 
ternal gills in these forms are lost, except 
Protopterus where vestiges of die external 
gills persist even in adult. In young Polyp¬ 
terus (Bichir) a pair of lcaf-likc external 
gills is present just above the gill opening. 

The external gills of the second category 
are found in the embryo of sonic selachians 
and some oviparous bony fishes. In the 
selachian embryos long filamentous exter¬ 
nal gills develop from the walls of the gill- 
slits and project out through the external 
gill-slits. These filamentous structures help 
in respiration because the sea water circu¬ 
lates through these structures. In the vivi¬ 
parous selachian's, these structures also help 
to absorb nutrient. The external gills 
observed in the youngs of some egg laying 
bony fishes (i.e., Gymnarchus , Clupisdis and 
many others) arc respiratory in function. 
In Gymnarchus , slender filaments from the 
internal gills project beyond the opercular 
edge and function as the external gills. 
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Based on structure . Based on the structure 
and function, four types of gills are en¬ 
countered in fishes. These are: hemibranch , 
pseudobranch , holobranch and lophobranch. As 
discussed earlier, the gill-pouches are sepa¬ 
rated by interbranchial septa. The anterior 
and posterior walls of each septum bear 
series of gill-filaments. Each series of gill- 
filaments on one side of the interbranchial 
septum constitute the hemibranch or half 
gill. The pseudobranch is a modified form of 
the hemibranch. The term pseudobranch is 
referred to the hemibranch which has lost 
the original respiratory function. A holo¬ 
branch or complete gill is composed of two 
hcmibrarichs, i.e., a holobranch consists 
of an interbranchial septum (may be re¬ 
duced in advanced fishes) with series of 
vascular gill-filaments developing on its 
anterior arid posterior walls. Another pecu¬ 
liar type of gill is observed in Sea horses 
and Pipefishes where the gill-filaments 
become greatly‘reduced to form rosette- 
like lulls. These tufts arc small and are 
attached to the greatly reduced gill-arches. 
Such t ypes of gills are called the tuft gills or 
Lophobranchs . 


FATE OF INTERBRANCHIAL SEPI A 

The interbranchial septa in the primitive 
fishes arc thick and contain tough fibrous 
tissue. These are supported by many 
cartilaginous movable segments which con¬ 
stitute the gill-arches. The gill-arches are 
situated at the inner side of the septa. 
Each arch appears like a half-hoop. The 
lowest pieces of the gill-arches almost join 
with the counterparts of the opposite and 
thus support the inner side of the pharynx 
like series of girders. The interbranchial 
septa show the tendency towards reduction 
in course of evolution (Pig. 5.59). In sela¬ 
chians, the interbranchial septa are arrang¬ 
ed in such a fashion that a series of inde¬ 
pendent gill-slits are produced. In these 
forms tilt! interbranchial septa are larger 
than the rows of gill-filaments. The inter¬ 
branchial septa project backward as folds 
to cover the gill-slits. This condition re¬ 
present the primitive condition amongst 
the fishes. But in the remaining fishes these 
septa become reduced to a varying degree. 
In chimacras, the interbranchial septa are 
slightly shorter than the gill-filaments and 
the gill-filaments project a little beyond the 
outer edges. In the primitive bony fishes 
represented by Sturgeons ( Acipenser ) the 
septa become shorter and extend upto the 


midway. This condition is also observed in 
Labeo rohita and Hits a iliska , but in the other 
bony fishes the septa become progressively 
shorter as seen in Salmon, Rita rita f 
Channa striatus , etc. The condition of the 
interbranchial septa in Sturgeons exhibit a 




Fig. f).r»‘). Showing the la to: of the iiitorbiaiichial 
septum in clitl'orrnt fishes. A. Typical selachian, B. 
Chimaera. C. Sturgeon. 1) & r K. Teleosts. 

transitional stage between the chondri- 
ehthyan and telcostcan conditions. The* 1 
rows of gill-filaments or the two sides of the 
septum are independent of one another but 
in Labeo rohita , the adjacent rows of gill- 
filaments are fused at the tips and the 
bases so that a narrow slit-like aperture is 
left between these rows of gill-filaments. 

FATE OF SPIRACLES 

flic spiracle, is the slit-like, aperture bet¬ 
ween the mandibular and hyoidcan arches. 
This structure becomes subsequently modi¬ 
fied in different fishes. In the sharks, the 
spiracles are present. The anterior side of 
the spiracular cleft bears spiracular gill 
composing of a number of gill-filaments. 
But in most of the fishes the spiracular gill 
is represented by a rete mir abide or network 
"of blood vessels called the pse.udobraneh. 
The pseudobranchs, with all probabilities, 
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are the organs for special sense. In skates 
and rays, the spiracles arc highly develop¬ 
ed and arc provided with movable valves. 
T1 ic external gill-slits are located ventrally 
and during resting on the sandy bottom, 
there is every chance of the entry of sand 
particles inside the gill-pouches along with 
the respiratory water current. So to pre¬ 
vent the dogging up the gill-filaments by 
the introduction of foreign particles, these 
fishes inhale water through the spiracles 
and expel it by way of the gill-slits. The 
spiracular openings are closed in adult 
holocephalians, although these are pre¬ 
sent in the larval stage. There is no evi¬ 
dence of the existence of pseudobranch in 
the spiracular opening. In sharks, the 
spiracles retain a few gid-iilaments in adult 
stage. 

In bony fishes, the spiracles are most¬ 
ly absenI, although spiracular pouches 
may develop. Ami a and Lepisostcus lack the 
spiracle and the spiracular pouch is greatly 
reduced. In Acipeuser , llu; spiracle and 
tube-like spiracular pouch are present. 
Scaphirhynchus lacks a spiracle. Polyp Ictus 
possesses a.wide spiracle and a cellular ridge 
separates the spiracular pouch and the 
hyobranchial groove. In Crossopterygians, 
the spiracles arc absent. 1 11 Latirneria, the 
spiracular pouch is very deep, but in the 
lungfishes, the spiracular pouc h is greatly 
reduced. 

GIU.-UAKKRS 

The gill-rakers arc spec ially developed 
on the inner edge of gill-arches. The gill- 
rakers are modified dermal denticles and 
are arranged in double rows. The develop¬ 
ment of gill-rakers in fishes depends on the 
particular mode of feeding. In the fishes 
which devour minute organisms, the gill- 
rakers are highly developed. During swim¬ 
ming there is every chance of entering the 
small creatures through the internal gill- 
slits and thus the gill-iilaments may either 
be damaged or clogged. These are avoided 
by the development of the gill-rakers. The 
gill-rakers form a sen t of sieving apparatus 
which strains the water that bathe the gill- 
filaments. 

The structure of the gill-rakers varies 
greatly in different fidles (Fig. 5.60). The 
herring like fishes Utilsa. Godwin* Gonialosa , 
Notopterus) are plankton feeders and the 
gill-rakers become slender and extremely 
elongated. These rakers form a close-set 
strainer, In many other filter feeders, the 


primary gill-rakers bear secondary and 
tertiary branches and thus appear like a 
fine gauze. In Esox (Pike) the gill-rakers 
are reduced to bony knobs which prevent 
the entry oflargcr particles. The structure 
arid number of gill-rakers vary consider¬ 
ably even within the closely related forms. 



Fig. 5.60. Showing the gill-rakcrs in difloivnt 
fishes. A. Alosa Jallax. B. Alow alosa. C. Perea fliwia- 
li/is. 1). Isolated gill-rakers of Ceforhinus maximus. 


In adult Alosa alosa , the lower limb of the 
arch bears about eighty gill-rakers, where¬ 
as, Alosa jallax possess only thirty. The gill- 
rakers in Cetorhhms (Basking shark) and 
Rhjncodon (Whale shark) measure about 10 
12 cm in length. These become flattened 
to form a closely set structure. T his struc¬ 
ture recalls the baleen plate of whalebone of 
whales in structure and function. The 1 , gill- 
rakers arc' generally absent in other sharks. 
In c'rossoptergians the gill-rakers are rudi¬ 
mentary. 

Gills in different fishes 

The gills in fishes are basically similar. 
In clasmobranchs, the gills arc; mostly 
hemibranchs, whereas in the telcos is the 
gills are mostly holobranchs. The vestigial 
mandibular gills (pscudobranchs) are pre¬ 
sent in some fishes. Most of the sharks 
possess on each side a mandibular pseudo- 
branch, a hvoidean hemibranch and four, 
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five or six holobranchs. In holocephalans, 
the mandibular pseudobranch is lacking, 
but the hyoid arch has a posterior hemi- 
branch. The first, second and third gill- 
arches bear holobranchs whereas the fourth 
bears a liernibranch. In sharks, each gill 
arch contains one afferent and two efferent 
vessels, while in holocephalans only one 
efferent vessel is present. 

Amongst the Osteichthycs, the act inop- 
tergians possess on each side, a mandibular 
liernibranch or pseudobranch, lour holo- 
branchs (on the first, second, third and 
fourth gill-arches). In some forms, a hemi- 
braneh may be present. A hyoidean hemi- 
brancli may be lacking in some cases. In 
crossopterygians, the nature of the gills is 
slighffy different. There is no existence of 
mandibular pseudobranch in Latimeria, 
although small hyoidean liemibranchs may 
be present. Like that of oilier aelinoptery- 
gians, there are four pairs of holobranchs in 
Latimera. But the fifth gill-arch is devoid 
of any gill. The dipnoans resemble Laii- 
nieria in gill, arrangement. Neoccratodus 
contains a hyoidean liernibranch, liolo- 
biancli on the fourth and fifth arches. The 
sixth gill-arch bears an anterior hemi- 
bianeJi. In Lepidosiren, the second, third 
and fourth gill-arches have holobranchs. 
The liemibranchs are lacking. 

Pseudobranchs. The pseudobranchs lack 
the respiratory function. The pseuclo- 
branchs becomes greatly reduced in diff- 
erent: fishes. In Trout, the pseiidol>rarich 
retains the characteristic comb-like appear¬ 
ance. The gill-filaments become extremely 
reduced and are covered by the pharyngeal 
epithelium in case of Perch, in the Cod, tin' 
pseudobranch becomes completely covered 
in the pharyngeal epithelium to form a 
gland like organ called the vaso-gangli<m or 
reta mirabile . Although the pseudobrand is 
are embedded deeply in the pharyngeal 
tissue, these structures retain the fine 
structure of the gill-tissue. In Amia, the 
pseudobranchs are reduced and covered 
by the pharyngeal mucous epithelium. In 
Calla catla , the pseudobranch is attached to 
the anterior gill. The pseudobranchs may 
be free or may be covered by mucous epi¬ 
thelium. These receive oxygenated blood 
from the dorsal aorta. The pseudobranchs 
lack respiratory function in adult and sub¬ 
serve other functions. The mandibular 
liemibranchs usually help to dose the 
spiracles and gel oxygenated blood. These 


structures may (?) increase the oxygen con¬ 
centration in the blood going to the brain 
or [ii) regulate the blood pressure in the 
ophthalmic artery or (iii) art as endocrine 
organ. The pseudobranchs contain largely 
the acidophilic cells. In Lepisoskus the 
mandibular pseudobranch remains in dose 
contact with the hyoidean liernibranch and 
gets blood from the afferent hyoid artery 
and the efferent artery from the first arch. 
Acipen.ser resembles Lcpisosteus except that 
the mandibular pseudobranch and hyoi¬ 
dean hcmibranch lack connection. ‘The 
pseudobranchs of Amin lack direct afferent 
or efferent blood connection. The pseudo- 
branchial vessels join the. orbital and oph¬ 
thalmic vessels. Polypkrus lacks mandibular 
pseudobrandis. 

Hyoidean liemibranchs. l lu* hyoidean liemi- 
branehs are present in most of the fishes. 
In the sharks, hyoidean liemibranchs are 
present. In selachians, the hyoidean licmi- 
brandis have* either disappeared or re¬ 
presented by rudiments. In the holoce¬ 
phalans, hyoidean liemibranchs remain 
attached with the operculum. But in most 
of the aelinopterygians, the hyoidean hcnii- 
branchs arc absent. In Acipenser, Lepisoskus 
and Polyodim these gills are present, but 
Amia lacks the hyoidean liemibranchs. In 
Scaphirhynchus , these hemibrauchs are great¬ 
ly reduced. Polypkrus lacks both the man¬ 
dibular pseudobranchs and hyoidean hevni- 
branohs. The absence of these gills may 
possibly be resulted due lo the conversion 
of the swim-bladder into the air-breathing 
‘lungs’. Amongst the erossoplerygians, 
hyoidean liemibranchs an* present in all the 
living forms except Lepidosiren. In Lali- 
meria the hyoidean liemibranchs are small. 

JU.OOl) SLTl'LY TO THE GILLS 

The gills are well-supplied with blood 
vessels. The flow of blood and the water 
current pass one another in opposite direc¬ 
tions. This arrangement ensures efficient 
exchange of dissolved substances between 
the two lluids. If the direction of flow of 
tin: two fluid is experimentally reversed, 
the uptake of oxygen falls from r *0% to 
9%. As already discussed, the gill-fila¬ 
ments are provided with folds which permit 
the blood to come in intimate contact with 
the water for gaseous exchange. 

The gills are composed of primary gill- 
filaments which produce numerous secon¬ 
dary folds (filaments). Each secondary gill- 
filament has a central core of vascular tissue 
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ovcrlined by a thin layer of connective 
tissue ancl mucous epithelium. The vascu¬ 
lar central core contains capillary networks 
and supporting Pilaster cells. In most of the 
tcleosts, each gill-arch contains one afferent 
and one efferent branchial vessel. But in 
Labeo rohila , Glorias batrachus , Trichogaster 
fascialusy Anabas testudineus and many others, 
two efferent vessels arc present in each gill- 
arch. Amongst the cartilaginous fishes, each 
gill-arch contains one afferent and bilateral 
efferent vessels. But in the holoccphalans 
only one efferent vessel is present. In lung- 
fishes each gill-arch contains two efferent 
arteries. 

In a typical telcos t, each gill-arch con¬ 
tains an afferent, branchial and an effe¬ 
rent branchial vessel. Each afferent bran¬ 
chial gives off primary afferent vessels 
to the primary gill-filaments. Each pri¬ 
mary afferent vessel divides into a number 
of secondary and tertiary branches to the 
secondary gill-filaments. The afferent ves¬ 
sels break up into capillaries in the secon¬ 
dary gill-filaments. These capillaries join 
and the blood is carried to the primary 
efferent vessel. The primary efferent ves¬ 
sels run along the margin of the primary 
gill-filaments and get secondary efferent 
vessels from the secondary gill-filaments. 
Exchange of gases takes place while the 
blood passes through the capillaries and the 
oxygenated blood from the gill-filaments is 
collected in the main efferent branchial 
vessels. 

Most of the fishes cannot survive out of 
water because of the failure of respiring in 
air. But there are many fishes which do sur¬ 
vive out of water for a considerable period 
of time. This is possible by the development 
of certain specialised organs usually called 
the accessory respiratory organs. 

Accessory Respiratory organs 

All other respiratory organs in fishes ex¬ 
cept the gills are designated as the accessory 
respiratory organs (Fig. 5,61). These or¬ 
gans are developed in addition to the gills 
and develop as the adaptation to the parti¬ 
cular environmental condition. The deve¬ 
lopment of accessory respiratory organs is 
encountered mostly in the fresh water 
fishes of tropical region and occurs very 
rarely in 'marine forms. Sometimes the 
fishes of the tropical fresh water and 
streams of the hills, develop accessory res¬ 
piratory organs to meet extra demand of 
oxygen, because depletion of oxygen occurs 


during summer as the water level falls to a 
considerable degree. Prolonged drought 
forces some fishes to develop some devices 
to live out of water for a short period of 
time. In some fishes, the metabolic rate is so 
high that dissolved oxygen in water be¬ 
comes insufficient. To overcome these ad¬ 
verse situations, accessory respiratory or¬ 
gans functionablc in aquatic and/or aerial 
environment have been developed in fishes. 
So the development of such structures is 
essentially adaptive in nature. 

The accessory respiratory structures in 
fishes are discussed under two broad cate¬ 
gories: Aerial accessory respiratory structures 
and aquatic accessory respiratory structures . The 
respiratory organs of the first category are 
very important. In many fishes to supple¬ 
ment the normal function of the gills, a few' 
accessory aquatic respiratory structures has 
been developed to increase the intake of 
more oxygen from the water. 

Suprabrarichial organ . The suprabranchial 
organ is a specialised type of respiratory 
structure encountered in Glorias (Fig. 
5.61 A). It has a complex structural or¬ 
ganisation arid consists of the following 
portions: (1) An elaborate tree-like struc¬ 
ture growing from the upper end of the 
second and fourth gill-arches of either side. 
This dendritic organ is composed of nume¬ 
rous terminal knobs, each has a core of 
cartilage covered by vascular membrane. 
Each exhibits eight folds which suggest that 
one such knob is formed by the coales¬ 
cence of eight gill-filaments. (2) A pair of 
highly vascularised suprabranchial chambers 
within which the tree-like structures are 
contained. The suprabranchial chambers 
are developed as the vascularised diverti¬ 
cula of the branchial chamber. (3) The en¬ 
trance of the suprabranchial chamber is 
guarded by ‘fan 5 -like structures which are 
developed by the fusion of the adjacent 
gill-filaments of the dorsal side of the gill- 
arches. The suprabranchial organs (like 
the gills) are lined by a thin outer epithe¬ 
lial layers with intercellular spaces sepa¬ 
rated by the pilaster cells. The organs and 
the suprabranchial chambers are supplied 
by afferent and efferent blood vessels from 
the gill-arches. 

The suprabranchial organs help to 
breathe in air. These fishes come to the sur¬ 
face of the water and gulp air into the 
suprabranchial organs. Atmospheric air 
from the pharyngeal cavity is taken into 
the suprabranchial chamber by an inhalant 
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aperture located between the second and 
third gill-arches. Alter the gaseous ex¬ 
change the air from the said chamber ex¬ 
pels into the opercular cavity by the gill- 
slit between the third and fourth gill- 
arches. The fan-like structures present in 
the second and third gill-arches help to in¬ 
take the air while the expulsion of the air 
from ihe suprabranchial chamber is 
caused by the contraction of its wall. 
Thus the suprabranchial chamber and its 
contained organs function as the ‘lung’. 


freely not only with the opercular cavity 
but also with the buccopharyngeal cavity. 
Air enters into the outgrowth by way of the 
buccopharyngeal opening and goes out 
through the external gill-slits. The en¬ 
trance is controlled by the valves. 

The fish can breathe in air by the help of 
these organs. These fishes ha\\* the' habit 
of migration from one pond to the other. 
Their overland progression is peculiar and 
assisted by the operculum and the fins. 
Each operculum bears sharp spines at the. 



Fig. 5.61. Accessory respiratory organs in airbrea thing tel costs. A. Clarias bat r minis. It. A fin bn.s 
tesludineus. C. Iklrvfmeusles fossilis. D. Charwa punctatus. li. Amp/iipnoth audita. 


Branchial outgrowths. In climbing perch 
(.Anabas testidineus) there are two spacious 
sac-like outgrowths from the dorsal side of 
the branchial chambers (Fig. 5.61 B). The 
epithelium lining these outgrowths arc 
highly vascular and becomes folded to in¬ 
crease the respiratory area. Each chamber 
contains a characteristic rosette-like organ. 
This organ develop from the first epibran- 
chial bone and consists of a number of 
shell-like concentric plates. The margins of 
the plates are wavy and the plates are 
covered with vascular gill-like epithelium. 
Each branchial outgrowth communicates 


free edge. During travelling the opercula 
alternately spread out and fix to the ground 
by tin* spines arid get the forward push from 
the pectoral fins and the tail. The proverb 
that the fish can climb tin* trees seems to be 
erroneous. The climbing-perches are found 
in the branches of palm or other trees which 
are possibly brought there by the kites or 
crows while these fishes migrate over the 
land. • 

* Pharyngeal diverticula . In the Snake- 
headed fishes and Cuehi a eels, the accessory 
respiratory organs arc relatively simplified. 
These fishes can survive prolonged drought 
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and their air breathing habit enables them 
to remain out of water for some time. In 
both the group of fishes, the pharynx gives 
a pair of sac-like diverticula for gaseous 
exchange. 

in Channel , the accessory respiratory or¬ 
gans are relati vely simpler and consists of a 
pair of air-chambers (Fig. 5.6ID). These 
are developed from the pharynx and not 
from the branchial chamber as seen in 
others. The air-chambers are lined by 
thickened epithelium which is highly vas¬ 
cular ised. The air-chambers are simple* 
sac-like structures and do not contain any 
structure. These chambers functions as the 
lung-like reservoirs. In Channa slrialus the 
vascular epithelium lining the chambers 
become folded to form some alveoli. The 
gill-filaments are greatly reduced in size. 

Tn Cuchia ( Amphipnous cuc/iia) the acces¬ 
sory respiratory organs consist of a pair of 
vascular sac-like diverticula from the 
pharynx above the gills (Fig. 5.61 E). 
These diverticula open anteriorly into the 
first gill-slit. These diverticula function 
physiologically as the lungs. The gills art! 
greatly reduced and a lew rudimentary 
gill-liliVjnc.uts are present on the second of 
the three remaining gill-arches. The third 
gill-arch is found 1o bear P.csliy vascular 
epithelium. 

In Periophlhalmus , a pair of very small 
pharyngeal diverticula is presenl which 
are lined by vascular epithelium. 

Pneumatic sacs. In I Idcropnenstes fossil is a 
pair of tubular pneumatic sacs, one on each 
side of the. body, acts as the accessory 
respiratory organs. These long tubular sacs 
arise as the outgrowths from the branchial 
chamber and extend almost up to the tail 
between the body musculature near the 
vertebral column (Fig. 5.61C). In Sacco- 
hranchus , similar tubular lung-like outgrow¬ 
ths of the branchial chamber extend back 
into iht' body musculature. 

Buccopharyngeal epithelium. The vascular 
membrane of buccopharyngeal region in 
almost all the fishes helps in absorbing oxy¬ 
gen from the water. Hut in lrmdskippers 
(Periophthalnm and Boleopthalmus) the high¬ 
ly vasculariscd buccopharyngeal epithe¬ 
lium helps in absorbing oxygen directly 
from the atmosphere. These tropical fishes 
leave the water and spend most of the time 
skipping or ‘walking’ about through dampy 
areas particularly round the. roots of the 
mangroove trees. The old idea that: the 
mudskippers use the vascular tail as the 


respirator^' organ is not supported by the 
recent Icthyologisls. 

Integument. Eels are recorded to make 
considerable journey through damp vege¬ 
tation. The common eel, Anguilla anguilla 
can respire through the integument both 
in air and water. In Amphipnous cuchia and 
mudskippers, the moist skin subserves res¬ 
piration. Many embryos and larvae of 
fishes respire through the skin before the 
emergence of the gills. The median fin 
fold of many larval fishes is supplied 
with numerous blood vessels and helps in 
breathing. The highly vascular opercular 
lold of Sturgeon and many Cat fishes serves 
as the accessory respiratory structure. 

Gut epithelium. 'The inner epithelium of 
the. gut essentially helps in digestive pro¬ 
cess. But in many fishes the gut becomes 
modified to subserve respiratory function. 
Gohilis (giant loach of Europe) comes ahovi? 
the water level and swallows a certain 
volume of air which passes back along the 
stomach and intestine. In Atisgurus fossilis, 
a bulge just behind the stomach is pro¬ 
duced which, is lined by line blood vessels. 
This bulge acts as the reservoir of air and 
functions as the accessory respiratory 
organ. After the gaseous exchange, the 
gases arc voided through anus. In certain 
other fishes, Gallichlhyes , Ilypostomus and 
Doras the highly vascular rectum acts as 
the respiratory organ by sucking in and 
giving out water through the anus alter¬ 
nately. In these fishes the wall of the gut 
becomes modified. The wall becomes thin 
due to the reduction of the muscular layers. 

Outgrowths of Pelvic Jin. In Lepidoshen deli¬ 
cate vascular outgrowths on the pelvic fins 
are respiratory in function. These out¬ 
growths develop in male during bleeding 
season and act as the accessory respiratory 
organs to compensate aerial respiration at 
that particular period of time. 

Swim-bladder acts as lung. Swim-bladder is 
essentially a hydrostatic organ but in some 
fishes it functions as the ‘lung’. In Ami a 
and Lepisostcus, the wall of the swim-blad¬ 
der is sacculated and resembles lung. In 
Polypterus the swim-bladder is more limg- 
likc and gets a pair of pitlmonary arfetlcs 
arising from the last pair of cpibranchial 
arteries. The swim-bladder in dipnoans 
resembles strikingly the tetrapod lung in 
structure as well as in function. In Neocera- 
todus, it is single, but in Protoplerus and 
Lepidosiren it is bilobed. The inner surface of 
the ‘lung’ is increased by spongy alveolar 
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structure. In these fishes the ‘lung’ is 
mainly respiratory in function during aesti¬ 
vation because the gills become useless 
during this period. Like that of Polypterus, 
the ‘lung’ in dipnoans gets the pulmonary 
arteries from the last epibranchial arteries. 

The cause of emergence of the accessory 
respiratory structures in fishes in addition 
to the primary respiratory organ is very 
difficult to interprets. There are two con¬ 
trasting views regarding the origin of the 
aerial accessory respiratory structures, 
first view: Some fishes have the natural 
instinct to make short excursion to the land 
from the primal aquatic home. To remain 
out of water, the development of certain 
devices to breathe in air becomes necessary. 
Second view holds that, the fishes are 
forced to ascend on land when the oxy¬ 
gen content of the water falls to a consi¬ 
derable extent. The fishes in that parti¬ 
cular condition of life gulp in atmospheric 
air from the land and pass it into the 
accessary respiratory structures. If they are 
prevented by mechanical barriers to come 
to surface, the fishes will die of suffocation. 
This habit of swallowing bubbles of air is 
observed in many bony fishes, especially 
living in shallow water which dries up 
periodically or becomes foul by the de¬ 
composition of aquatic vegetation. As a 
consequence of the air-breathing habit over 
a considerable span of time, the fishes have 
developed specialised accessory respiratory 
organs in addition to the gills. Most of such 
structures encountered in the fishes assume 
the shape of reservoir of air originating 
either from the pharyngeal or branchial 
cavities. In extreme cases die reservoir may 
house special structure for gaseous ex¬ 
change. However, the development of such 
accessory respiratory organs is essentially 
adaptive in nature to meet the respiratory 
need and thus enable the fishes to tolerate 
oxygen depletion in water or to live on 
land over a varying period of lime. The 
development of the accessory respiratory 
organs depends on the ability to remain 
out of the water. 

SWIM-BLADDER AND WEBERIAN APPARA¬ 
TUS 

In most of the fishes a characteristic sac- 
likc structure is present between the gut 
and the kidneys. This structure is called by 
various names, viz. Swim-bladder, or gas- 
bladder or air-bladder. In our present dis¬ 
cussion the name of the bladder is followed 


as the swim-bladder to avoid confusion. 
The swim-bladder occupies the same posi¬ 
tion as the lungs of the higher vertebrates 
and is regarded as homologous to the lungs. 
It differs from the lungs of higher forms 
mainly in origin and blood supply. The 
swim-bladder arises from the dorsal wall 
of the gut and gels the blood supply usually 
from the dorsal aorta, while the vertebrate 
lung originates from the ventral wall of the 
pharynx and rece ives blood from the sixth 
aortic arch. The swim-bladder is present in 
almost all the bony fishes and functions 
usually as a hydrostatic organ. Starting 
as a very insignificant cellular extension 
from the gut, the swim-bladder in fishes 
leads the whole group through an evolu¬ 
tionary channel. t 

Development of swim-bladder. Opinions 
differ as regards the development of swim- 
bladder in fishes. In teleosls, it originates as 
an unpaired dorsal or dorsolateral diverti¬ 
culum of the oesophagus. 11 starts as a small 
pouch budded off from the oesophagus. 
The diverticulum with an opening in the 
oesophagus becomes subsequently divided 
into two halves. Of these two. ihe left one 
often atrophies except in a lew primitive 
forms. The right, half becomes well-deve¬ 
loped and takes a median position, hi dip¬ 
noans and Polypleridar, the swim-bladder 
is modified into the Ttings 5 and originate 
as the dowugrowtlis from the floor of the 
pharynx. These outgrowths have been 
rotated around tin* right side of the ali¬ 
mentary canal to occupy the dorsal posi¬ 
tion. As the consequence of shifting of the 
position, the original right. Tung 5 becomes 
tin* left one. Spengci advocates the view 
that the swim-bladder in fishes originates 
from the posterior pair of the gill-pouches, 
but definite embryological evidence in sup¬ 
port of this idea is lacking. 

Basic structure of swun-tdadder. T he swim- 
bladder in fishes varies greatly in structure, 
size and shape. It is essentially a tough sac- 
like structure with an overlying capillary 
network. Beneath the capillary system 
there is a connective tissue layer called the 
tunica externa. Below this layer lies the 
tunica interna consisting primarily of smooth 
muscle fibres and epithelial gas-gland. The 
swim-bladder may be composed of one or 
two or many chambers. In tcleosts, the 
swim-bladder lies below the kidneys, bet¬ 
ween the gonads arid above the gut. The 
connection with the oesophagus may be 
retained throughout life or may be lost in 
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adult. Biot (1807) and Morean (1876) have 
shown that the gas secreted by the swim- 
bladder is mostly oxygen. Nitrogen and 
little quantity of carbondioxide arc also 
present. 

Types of swim-bladder. Depending on the 
presence of the duct ( ductus pneumaticus) 
between the swim-bladder and the oeso¬ 
phagus, the swim-bladder in fishes can be 
divided into two broad categories: Physo- 
stomas and Physoclistous types. Depending on 
the condition of the swim-bladder, the 
teleosts arc classified by older taxono¬ 
mists into two groups Physostomi and 
Physoclisti. A transitional condition is 
observed in eels. 

Physostomous condition. As stated earlier the 
swim-bladder develops from the oesopha¬ 
gus. When the ductus pneumaticus is pre¬ 
sent between the swim-bladder and the 
oesophagus, the swim-bladder is called the 
physostomous type (Fig. 5.62A). A vessel 


gonoid fishes, the dipnoans and soft-rayed 
teleosts. 

Physoclistous condition. In this condition 
the ductus pneumaticus is either dosed or 
atrophied (Fig. 5.62B). This type of swim- 
bladder is observed in spiny-rayed fishes. 
In this type of swim-bladder, there lies an 
anteroventral secretory gas gland (contain¬ 
ing retia mirabilis) and a posterodorsal 
gas absorbing region called the oval. 
The oval develops out of the degene¬ 
rating ductus pneumaticus. The rete 
mirabilis of the gas gland, the oval and the 
walls of the bladder are supplied by the 
coeliacomesenteric artery and also by the 
arteries from the dorsal aorta. But the blood 
from the different parts of the swim-blad¬ 
der is returned by two routes. The blood 
from the gas gland is returned to the heart 
by the hepatic portal vein, while from the 
rest of the bladder by the posterior car¬ 
dinal veins. The bladder, specially the gas 




Fig. 0.62. Showing the derivation of the swim-bladder of the fishes from the gut. A. Stages of. 
formation of physostomous type ol swim-bladder in Catostomus. B. Stages of formation of the 
physoclistous type of swim-bladder. 


emerging from the coeliacomcsentcric ar¬ 
tery supplies the swim-bladder and the 
blood from it is conveyed to the heart 
through a vein joining the hepatic portal 
vein. This condition is observed is bony 


gland, gets the lateral branches from the 
vagus, while the oval is innervated by the 
sympathetic nerves. 

Transitional condition , In eel (Anguilla), 
a transitional condition between the 
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physostomous and physoclistous type is pre¬ 
sent. Tlie swim-bladder retains the ductus 
pncumaticus which becomes enlarged to 
form a separate chamber containing the 
oval (Fig. 5.63C). The gas glands are also 


the embryonic stages. Miklueho-Maday 
(1867) has observed a rudimentary dorsal 
diverticulum from the foregut in the em¬ 
bryos of Squalus, Music!us and Gahus. In 
many fishes, viz., HeptranchUis, Styllium , 



Pig. . r >.()3. Variations in die structure of swim-bladder in fishes. A. ('.uhsfomm. it. A 1 ypirstl pliysu- 
(Jistous type of swim-bladder with anterior and posterior chamber, ( f Ti.msition.il swiin-bladdcr 
in eel. Note the dilatation of the ductus pncumaticus. I). A pliysui 1 listous swim-bladd« r with oval. 
Note the circulatory pathways. 


present. The swini-bladder is supplied with 
the blood through a branch from the coelia- 
conicscnteric artery while the blood is re- 
ttimed to the heart by a vessel joining the 
poslcardinal vein. The condition represe¬ 
nts an intermediate stage when a pliysos- 
tomous condition is on the verge of trans¬ 
formation into the physoclistous state. 

Swim-bladder and its modifications 

In fishes a great diversity in size, shape 
and function of the swim-bladder is ob¬ 
served. In elasrnobranchs, bottom dwelling 
and deep-sea telcosts the swim-bladder is 
absent in adult but a transitory rudiment 
during development mav be present. In 
Oat fishes (Fleuronectidae) swim-bladder is 
* present in the early life when the animals 
maintain a vertical position. As they tip 
over one side and assume the lazy adult¬ 
hood the swim-bladder becomes atrophied. 

In elasrnobranchs, the swim-bladder is 
represented by the transitory rudiment in 


Stjualina , Prisliurus , Carcharius and many 
Rays, small pits are recorded in the oeso¬ 
phageal wall. Wassnr/.ow (11*32) has ob¬ 
served one to six similar oesophageal pits 
in Prisliurus , Torpedo and Try-on. These pits 
are located posterior to the fifth pouch. In 
sharks the swim-bladder is absent in adult, 
but a hint of a rudimentary swim-bladder 
is observed in the embryonic development. 
But almost all the telcosts possess the swim- 
bladder and extreme modifications of the 
same are encountered because of adapta¬ 
tion to the different modes of living. 

Modifications of Physostomous condition . The 
typical physostomous pattern becomes 
modified in different fishes and the basic 
trends arc: (1) the formation of paired 
sacs and (2) the gradual acquisition of two 
chambers—an anteripr and a posterior. 

The swim-bladder in Polyplerus (Fig. 
5.64 A, B) represents the primitive condi¬ 
tion. It is a bilobed sac with two unequally 
developed lobes. The left lobe is shorter and 
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l ig. :».b4. Vacations in ilit* structure of swim-bladder in fishes (Omtd.). A. Swim-bladder in Potxplcrus. 
Ihc swim-bladder is modified as ‘lung’. Nolo that the left ‘limef is smaller in size. B. Sectional view 
ol the swim-bladder and oesophagus in Polypkrus showing their rclationship.C. Swim-bladder of Prolo- 
pterus. I he swim-bladder; irmodinified to the ‘lung'. I). A portion of the internal cavitv of the ‘lung’ of 
Protoftteius is enlarged to show the location of the alveoli. E. Showing a single, alveolus of the ‘lung’ of 
: Protoptcrus . I’. Swim-bladder of Gmnanhus and its relative position. The swim-bladder is regarded the 
lung'. A portion of the ‘lung' is removed to show the alveoli. O. Swim-bladder of Amia and Up isos feus. A 
portion is cut opened u* show the internal structures. H. Swim-bladder of Acipcmer. I. Swim-bladder of 
Clupea harenqus, 1- Swim-bladder ol Esox. K. Swim-bladder of a Gvprinoid fish (after various sources). 
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the right lobe is longer. The bilobed sac 
opens on the floor of the pharynx through 
a slit-like glottis. The glottis is provided 
with muscular sphincter. The internal 
lining of the bladder is smooth and partly 
ciliated. The lack of alveolar sarculations 
and the presence of muscular walls are the 
two noted features in the swim-bladder of 
Pulypterus. The walls of the bladder are 
highly vasculars and arc lined by two layers 
of striated muscle fibres. The bladder 
is supplied by a pair of pulmonary arteries 
arising from the last pair of epibranchial 
arteries and the corresponding veins enter 
into the hepatic vein below the sinus veno- 
sus. In the dipnoans the swim-bladder is 
called the lung and the inner walls are pro¬ 
duced into numerous alveoli. The swim- 
bladder resembles the lelrapod lungs both 
structurally as well as functionally. In 
Neoccratodus it is single lobed, while in 
Protoptcrus and Lcpidosiren it is bilobed 
(Pig. 5.64 H, I, J). Other details regarding 
the structural construction, blood and 
nerve supplies have already been dealt in 
the biology of the lungfishes. In Acipcnscr, 
the swim-bladder is short and oval in 
shape. 'Hie ductus pneumaticus enters the 
bladder vent rally and it opens into the 
gut posterior to the pharynx. The glottis is 
lacking and the opening into the oesopha¬ 
gus is closed by the simple constriction of 
the ductus pneinaiieus. The walls of the 
bladder are fibrous and thick but the inner 
walls are smooth, in Acipcnscr, both the 
left and r ight lobes develop from (he dorsal 
side of the oesophagus in the embryonic 
stage, but the left one becomes completely 
obliterated and right one gives rise to the 
adul t swim -bladder. 

In Amia and lepisosteus the swim-bladder 
is an unpaired sac extending nearly the 
entire length of the body cavity. In both 
the cases rudiment of the left lobe appears 
during development but persists only for a 
short time. The ductus pneumaticus opens 
into the oesophagus posterior to the 
pharynx through a dorsal slit-like glottis. 
The walls are highly vascular and exhibit 
sarculations resembling the pulmonary 
alveoli (Fig. 5.64D). The sarculations 
or the respiratory pouches are arranged 
in two laferal rows. As regards the 
development of sacculations the swim- 
bladder of Lepisosteus is more advanced 
than that of Amia. There are some more 
minor differences regarding the supply of 
blood. The swim-bladder in Amia gets 


arterial blood from the pulmonary arteries, 
while that of Lepisosteus gets arterial 
brandies from the dorsal aorta. The blood 
from the bladder is returned by the left 
ductus Cuvicri in Amia and by the right 
postcardinal in Lepisosteus. Gymnarchus 
presents an intermediate stage where the 
efferent branchial arteries from the third 
and fourth gill-arches join to foYin a com¬ 
mon root for the emergence of the pulmo¬ 
nary and cocliaeomesenteiic arteries (Fig. 
5.64K). Amongst the dipnoans, the swim- 
bladder of Neoccratodus resembles that of 
Lepisosteus. The walls are sacculated and 
acts as the 'lung*. 

In Clupea harengus, the ductus pneuma¬ 
ticus opens into the fundus of the stomach 
and then* is a second duct from the pos¬ 
terior part of the swim-bladder opening to 
the exterior near the anus (Fig. 5.64E). 
Similar posterior opening is present in 
Pel/ova, Caranx , Surdmclla. The swim- 
bladder varies extensively in si/e and 
shape. In some forms it gives off many 
branched diverticula. In many fishes, the 
anterior prolongations of the swim-blad¬ 
der come into close contact, with the wall 
of the space containing the internal ear. 
In Clupea , the narrow anterior end of the 
swim-bladder enters into a canal in the basi- 
occipilal of the skull and divides into two 
slender branches. The anterior end of each 
branch dilates to form a round swelling 
and lies in close contact with the internal 
ear. A more or less similar condition is 
observed in P fils a ilisfia. 

in many fishes finger-like diverticula 
develop from the swim-bladder. In Genius, a 
pair of diverticula originating from the 
anterior part of tin? bladder projects into 
the head region. In Ololilhus , each antero¬ 
lateral end of the swim-bladder gives rise 
to an outgrowth which sends one anterior 
and a posterior horn. In Corvina lobala, 
many such branched diverticula develop 
from die lateral walls of the swim-bladder. 

Usually in most cases, the swim-bladder 
is divided transversely into an anterior and 
a posterior chambers as seen in cyprinoids, 
Kssox, Calostovms, Pavgas sins, Corvina, etc. 
But the longitudinal division of the swim- 
bladder is rare. In Arius the swim-bladder 
is spliced longitudinally. In Noloplerus , a 
longitudinal septum, divides the swim- 
bladder into two lateral chambers. Due to 
the presence of septum or septa, the inter¬ 
nal cavity of the swim-bladder is either 
completely or partially divided. 
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Modifications of Physoclistous condition . The 
swim-bladder in all tclcosts begins as a 
physostomous type but in the adult con- 
diticm the ductus pneumaticus is degene¬ 
rated to become a physoclistous type. 
A typical physoclistous swim-bladder 
consists of a closed sac having two com¬ 
partments—an anterior and a posterior. 
These twef compartments arc intercommu¬ 
nicated through an aperture (ductus com - 
municans). The opening and closure of this 
aperture is regulated by circular and 
radiating muscles which act as the sphinc¬ 
ter. The anterior chamber is formed by the 
enlargement and forward growth of the 
budding swim-bladder, while the posterior 
chamber develops as an enlargement of 
the ductus pneumaticus. This typical 
structural plan is modified in certain forms. 
The posterior chamber with rctia mira- 
bilia becomes flattened almost to the point 
of obliteration and is designated ‘oval* as 
seen in the families like Myeiophidae, Pci- 
cidar, Mugilidae. The oval is a thin-walled 
highly muscular area specialised for the 
reabsorption of gases (See Fig. 5.63D). The 
opening of the oval is guarded by circular 
and longitudinal muscles. This device is of 
great significance for the fishes undergoing 
rapid vertical movements. 

Histological modifications. The morpholo¬ 
gical modifications of the swim-bladder 
is accompanied by the histological modi¬ 
fications in diHerein, fishes. In fishes, 
the swim-bladder ads as a hydrostatic 
organ. It helps the fishes to sink or 
ascend to various depths by altering 
the gas content in the bladder. In fishes 
having open ductus pneumaticus, the 
volume of gas content in the bladder can 
be changed by swallowing or removing at 
the surface'. Hut in some physostomous and 
all physoclistous fishes this process of gas 
transference is done directly from the blood 
stream. Inside the bladder there is an 
oxygen producing device and an oxygen- 
absorbing device. The swim-bladder is a 
vascular structure but the degree ofvascu- 
larisation varies in different tclcosts. In 
some species of the families Clupeidae and 
Salmonidac the capillaries are uniformly 
present all over the swiin-bladder, but in 
most cases these huffily vascular inter¬ 
lacing and tightly packed capillaries form 
a mass ( ailed the rete mirabilis. The an¬ 
terior chamber of swim-bladder show's the 
tendency to become differentiated into 
oxygen-producing area called the red body . 


The oxygen is produced by the reduction 
of the oxyhaemoglobin in the erythrocytes 
when brought into close contact with the 
secreting epithelial cells of the gas gland. 
The red body consists of an internal oxy¬ 
gen-secreting cells (gas gland) and supplied 
by the blood-vessels from the rctia mira- 
bilia (sing, rete mirabilis). It forms a 
complicated structure where the arterial 
and venous capillaries communicate only 
after reaching the gas gland. The most: pri¬ 
mitive condition is observed in Pickerel 
where the.gland is covered by thick glandu¬ 
lar epithelium which is thrown into a 
number of folds. In eels and some other 
fishes, the red bodies are non-glandular in 
nature but serve the same physiological 
function. The red gland is supplied with 
blood from the coeliac artery and is re¬ 
turned to the portal vein. The activity of 
the red gland is controlled by the vagus 
nerve. In the fishes with the functional 
ductus pneumaticus the gas glands are 
absent but in eels this function is taken up 
by this red gland. In the physoclistous 
fishes, the anterior region is modified for 
gas production and the posterior region or 
chamber is specialised for the absorption of 
gas into the blood. The posterior chamber 
becomes excessively thin walled to facili¬ 
tate gas diffusion. Beneath the walls, the 
gas is absorbed directly into the blood. 
The formation of the oval in some fishes, 
is a special development for the absorption 
of gas." The wall of the oval is very 
thin and highly vascular. Through this 
epithelial lining oxygen can easily pass to 
the network of vessels. This gas absorb¬ 
ing region receives blood supply from the 
dorsal aorta and the blood is returned to 
the postcardinal vein. The activities an. 
governed by the sympathetic nerves. 

The histological differentiation for the gas 
production and gas absorpt ion is a very sig¬ 
nificant achievement in fishes. The gas pro¬ 
duced by the red body is mostly oxygen and 
this oxygen is readily absorbed or diffused 
from the swim-bladder directly into the capi¬ 
llaries. The oval is modified for gas absorp¬ 
tion to many fishes. By the alternate process 
of gas production and gas absorption, the 
internal pressure and volume of the gas 
content inside the swim-bladder can be 
increased or decreased. The red body is 
usually confined to the anterior cham¬ 
ber, but in the fishes where the ante¬ 
rior chamber becomes secondarily asso¬ 
ciated with the auditory function, the 
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gas gland may be confined to the posterior 
chamber. 

Relation between swim-bladder and 

auditory apparatus 

The swim-bladder, in many fishes, be¬ 
comes intimately connected with the inter¬ 
nal car. This connection possibly enables 
the fishes to transmit change of pressure to 
the perilymph. This association exhibits a 
gradual trend of evolution from the simple 
to complex. In Gadus , Megalops and others, 
this connection is very simple. A finger¬ 
like diverticulum, after originating from 
the anterior end of the swim-bladder, joins 
the membrane covering an opening of the 
auditory capsule. In the Clupeidae, the 
situation is more advanced and a pair of 
such tubular outgrowths enters inside the 
auditory capsule. Each branch again divi¬ 
des into two, each terminates to a swollen 
vesicle. These vesicles arc enclosed inside 
the prootic and plerotic bones. The vesi¬ 
cles touch a process coming from the mem¬ 
branous labyrinth. But in Carps and 
Siluroids (order Ostariophysi), this con¬ 
nection is more of advanced nature. The 
connection is effected by a chain of ossicles 
called the Weberian ossicles (named after the 
discoverer Weber in 1820). These ossicles 
are not homologous to the car ossicles of 
other vertebrates, but arc formed by the 
specialisation of the anterior vertebral seg¬ 
ments. 


W Eli BRIAN OSSICLES 

'I'he perilymphatic sac and the.anterior 
cerebellum v A , ^ optic i ob , s 

ulricuJus 



Fig. 5.u5. (A) Weberian ossicles and their rela¬ 
tion with other structures in Catastomus. B. Showing 
the* different parts of Weberian ossicles. 


end of the swiAi-bladder arc connected by 
a series of four ossicles (Fig. 5.65) which are 
articulated as a conducting chain. Of the 
four, the tripus, inlenalarium and scaphium 
actually form the chain, while the fourth 
one, claustrum lies dorsal to the scaphium 
and lies in the wall of posterior prolonga¬ 
tion of the perilymphatic sac. 'I'he function 
of these ossicles is controversial. It is re¬ 
garded that the Weberian ossicles either 
help to intensify sound vibrations and con¬ 
vey these waves to the internal ear or help 
to understand the state of tension of air 
pressure in the bladder and transit changes 
of such pressure to the perilymph to set up 
a reflex action. There are various views 
regarding the actual process of derivation 
of these ossicles. De Beer (19137) and 
Watson (1939) regarded that these are 
detached or modified processes of the first 
three anterior vertebrae. 

FUNCTIONS OF SWIM-BLADDER 

The swim-bladder in fishes performs a 
variety of functions. 

Hydrostatic organ. It is primarily a hydro¬ 
static organ and helps to keep the weight of 
the body equals to the volume of the water 
the fish displaces. It also serves to equili¬ 
brate the body in relation to the surround¬ 
ing medium by increasing or decreasing the 
volume of gas content. In (he physostomous 
fishes the expulsion of the gas from the 
swim-bladder is caused by way of the duc¬ 
tus pneumaticus, but in the physoclistous 
fishes the superfluous gas is removed by 
diffusion. 

Adjustable float. The swim-bladder also 
acts as an adjustable float to enable the 
fishes to swim at any depth with least 
effort. When a fish likes to sink, the specific 
gravity of the body is increased. When it 
ascends the swim-bladder is distended and 
the specific gravity is diminished. By such 
adjustment, a fish can maintain an equili¬ 
brium at any level. 

Maintain proper center of gravity. The swim- 
bladder helps to maintain proper center of 
gravity by shifting of the contained gas 
from one part of it to the other and thus 
facilitates in exhibiting a variety of move¬ 
ment. 

Respiration. The respiratory function of 
the swim-bladder is jquite significant. In 
many fishes living in water in which oxygen 
content is considerably low, the oxygen 
secreted in the bladder may serve as a 
source of oxygen. In a few fishes, specially 
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in the dipnoans, the swim-bladder becomes 
modified into the ‘lung’. The ‘lung’ is 
capable of breathing atmospheric air. 

Resonator. The swim-bladder is regarded 
to act as a resonator. It intensifies the vib¬ 
rations of the sound and transmits these to 
the ear by the Weberian ossicles. 

Production of sound. The swim-bladder 
helps in She production of sound. Many 
fishes, Doras , Platy stoma, Malaptcrurus, Tri- 
gla can produce grunting or hissing or 
drumming sound. The circulation of (he 
contained air inside the swim-bladder 
causes the vibration of the incomplete 
septa. The sound is produced as the conse¬ 
quence of vibration of the incomplete septa 
present cm the inner wall of the swim- 
bladder. The vibrations arc caused by the 
movement of the contained air of the swim- 
bladder. Sound may also be produced by 
the compression of the extrinsic and intrin¬ 
sic masculature of the swim-bladder. Polyp - 
terns , Proloptcrus and Lepidosircn can produce 
sound by compression and forceful expul¬ 
sion of the contained gas in the swim- 
bladder. In Cynoscion male, the muscidus 
sonori/icus probably helps in compression. 


teus and dipnoans the inner wall of the 
swim-bladder is richly vascularised and 
the surface area is increased by the deve¬ 
lopment of pulmonary alveoli. In most 
cases, the swim-bladder is a single struc¬ 
ture, but in Polypterus, Arnia, Lepisostcus, 
Protopterus, Lepidosircn, the swim-bladder 
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Relationship between swim-bladder 

and lung * 

The swirn-bladder in fishes and the lungs 
of tetrapods are closely similar in structure 
and development. Both of these structures 
are intimately associated with the gut. The 
lungs of higher vertebrates arise exactly 
the same way as that of the swim-bladder 
in fishes. Both develop as outgrowths 
from the gullet and the glottis occupies 
exactly the same position. But the exact 
nature of such similarity becomes difficult 
to estimate because of the lack of connect¬ 
ing fossil records. The evidences advanced 
by the study of embryology and compara¬ 
tive anatomy make the data more confus¬ 
ing. Figure 5.66 shows the relationship of 
swim-bladder of a few fishes and lungs in 
higher vertebrates with the gullet. The 
swim-bladder in fishes shows a gradual 
sequence of evolution from the simple to 
complex and there is general tendency to 
become lung-like in structure and function. 
In dipnoans and bichirs, the swim-bladder 
is actually a true air-breathing organ. In 
the primitive stage as shown by the stur¬ 
geon and many other fishes, the swim- 
bladder is a simple sac-like structure filled 
with a mixture* of gases and subserves 
hydrostatic function. But in Amia, Lepisos- 


))$k _-Reptiles, Birds 

and Mammals 

Fig. r>.(5fi. Showing the relationship between I he 
swim-bladder and lung with the oesophagus in some 
fishes and tetrapods. 

is paired (unequally developed in Polyp- 
terus). The right portion is long and the 
left one is of much shorter structure and 
opens by a single slit-like aperture (glottis) 
into the gullet. The arrangement of blood 
vessels to this particular organ, specially in 
the dipnoans, is very similar to that of the 
amphibians. 

From the above facts, it is apparent that 
the swim-bladder and the lungs of the 
tetrapads are strikingly similar in origin, 
structure and function. Existence of such 
close parallelism led many workers to 
think that the swim-bladder of fishes is the 
forerunner of the tetrapod lung in the 
phylogenetic history of the vertebrates. 
But such an idea is not supported by the 
geological evidence. The presence of lung 
is geologically more primitive than the 
swim-bladder of the fishes. This occurrence 
rejects the plea of the derivation of the lung 
directly from the swim-bladder, but their 
monophyletic origin is a very popular 
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notion. It is regarded that the placoderms 
constitute the most primitive gnathostomes 
and they possess swim-bladder. The lungs 
of tetrapods and the swim-bladder of the 
modern fishes have evolved from the placo- 
derm source. This idea appears very simple 
to interprete, but the actual records of 
evolution are lacking. Diverse opinions 
exist on this particular issue. The most 
recent trend is to assume that the swim- 
bladder originated from a paired pouches 
which become fused to one in the course of 
evolution (Fig. 5.67). This condition is 


is extremely difficult to draw any conclu¬ 
sion on the actual relationship between the 
swim-bladder in fishes and the lungs in the 
tetrapods. Although both the lungs and 
swim-bladder originated as paired out¬ 
growths from the gullet, one cannot be 
definite that the same paired pouches are 
involved in all the cases. Further research 
on this line F required to give a clear idea. 

CIRCULATORY SYSTEM 

The structure of heart in fishes shows 
little variation. In (Ihondrichthycs, the 



lug. f>.b7. Schematic representation of the phytogeny of ihe .swim-hlad'lcr in lishes (after. Jot lie). 
(a) Hypothetical equal two lobed swim-bladder, (A) Paly filer us.. (V) Primitive .ictinoplcrygian. 
(7/) Physustomous type, (<?) Physoclistous type. (/) Amphibians, (g) Dipnoans. 


observed in fishes where* the swim-bladder 
is simply hydrostatic in function. 'The 
swim-bladder of Polypterus, Protopterus 
and Lcpidosircn presents fairly the primi¬ 
tive condition because in all of them the 
swim-bladder is paired and transformed 
into the ‘lungs’. Now the question arises 
regarding the relationship between hydro¬ 
static and respiratory types of the swim- 
bladder. The fishes having respiratory 
swim-bladder (Polypterus, Protopterus and 
Lepidosiren) can not be regarded as the 
progenitors of the teleosts possessing the 
swirn-bladder of hydrostatic type. So it is 
logical to think that the fishes having 
hydrostatic type of swim-bladder evolved 
independently. Nothing m ire can Vie en- 
; lightened on this particular aspect, as our 
knowledge about the swim-bladder of the 
[ crossopterygians is insufficient. In the next 
chapter, while dealing with the origin of 
the An phibia it has been shown that the 
amphibians evolved from the Crossoptery- 
! gian ancestors. Under the circumstances, it 


heart consists of a sinous venosus, a ven¬ 
tricle, an auricle and a conus arteriosus. 
The conus arteriosus proceeds forward as 
a stout tube called the ventral aorta. The 
number and arrangement of valves in the 
conns arteriosus are the most notable fea¬ 
tures in the different fishes. In teleosts, the 
conus arteriosus is ill-developed and con¬ 
tains one or two sets of valves. In some 
teleosts the conus is altogether unrepresent¬ 
ed. In telcost large bulbus arteriosus is 
present at the base of Tie ventral aorta. 
The hulbus arteriosus is the dilated part of 
the base of the ventral aorta. It is not a 
part of the heart, but a part of the arterial 
system. In clasmobranchs and ganoid fish¬ 
es the valves in the conus arteriosus are 
numeious and are usually arranged in three 
longitudinal rows. In many elasmobranchs 
there are six sets of valves. But reduction in 
the number of valves in the conus arterio¬ 
sus is the common tendency in the evolu¬ 
tion of fishes (Fig. 5.68). In dipnoans the 
auricle shows an advancement over other 
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fishes, where it divides incompletely into 
left and right halves by an incomplete 
inter-auricular septum. This modification is 
due to acquisition of aerial respiration. In 
dipnoans, the swim-bladder is transformed 
into the ‘lung’ and the oxygenated blood 
from the ‘lung’ is carried into the left auri¬ 
cle. 



The general plan of the arteries and 
veins arc more or less similar. The fishes 
possess red blood corpuscles which contain 
haemoglobin. Some antartic marine tele- 
osts belonging to the family Chacnich- 
thyidae have colourless blood, i.e., the 
haemoglobin is lacking. 'Flic leptocephalus 
larval stage of the Eel possesses colourless 
blood. 

ORGANS Or OFFENCE OR DEFENCE IN 

FISHES 

Fishes exhibit wide range of adaptive 
radiation. To meet«$pccial needs, the diff¬ 
erent members of the fishes have developed 
many adaptive devices which play a 
number of role in the economy of their life. 
Some of such devices upon which the fishes 


depend for protection against their ene¬ 
mies are described below. These are: (1) 
Protective covering of scales over the body. 
(2) Electric organs. (3) Poison glands and 
the associated spines. (4) Phosphorescent 
organs. (5) Colouration. 

Scales 

The body of all fishes (except the mem¬ 
bers of the family Siluridae and some bot¬ 
tom-dwellers) is covered by an exoskeleton 
in the form of scales. The mode of deve¬ 
lopment of scales in fishes is different. In 
elasmobranclis, the scales originate from 
the dermal papillae with contribution from 
the epidermis, while in other fishes these 
arc derived exclusively from the dermis. 
The size and shape of the scales differ grea¬ 
tly in different, forms. In Eels the scales arc 
minute and lie deeply embedded in the 
dermis. The scales are usually present 
throughout the body surface, but in some 
fishes, Chimaeras, Polydon and Aeipenser 
the scales are present is some localised 
areas. The primitive fossil fishes possess 
exoskeleton in the form of plates and scales 
which consist of three distinct layers. The 
layers are: (1) Innermost layer ol'isopedme, 
(2) median spongy vascular layer and (3) 
outermost layer of dentine. Structurally 
five types of scales are recorded in fishes. 
These arc: 

Placoid, scale. This type of scale is univer¬ 
sally found in elasmobranch fishes with a 
few exceptions. The placoid scales appear 
first in the ancestral shark of the Upper 
Devonian time. In Chimaeras, these deve¬ 
lop during embryonic life but soon dis¬ 
appear excepting in certain scattered 
regions. Each scale consists of a rounded or 
rhomboid bony plate which remains em¬ 
bedded in the dermis. A spine projects out¬ 
ward from the basal plate. The spine pro¬ 
jects outward from the epidermis* and 
points posteriorly. The structure of placoid 
stales is already dealt in details in the bio¬ 
logy of Scoliodon. 

Ganoid or Rhomboid scales. This type of 
scale shows considerable diversities. Usual¬ 
ly these arc Vhomboidal plate-like struc¬ 
tures and remain closely fit together at 
their margins. The ganoid scales exist in 
two forms: (1) paleoniscoid ganoid scale pre¬ 
sent in Polypterus and (2) lepisosteoid scale 
present in gar-pike. In paleoniscoid ganoid 
scale, the deepest layer is composed of 
compact bonc-likc isopedine , the next is 
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made up of hard dentine (cosmine) and the 
outer side is composed of hard translucent 
mesodermal material called ganoin . The 
usual spongy-bonc layer next to isopedine 
is absent and the cosminc layer is reduced. 
In the second category of scales the spongy- 
bone and cosmine layers are totally elimi¬ 
nated and the ganoin lies upon the inner¬ 
most isopedine layer. 

Gosmoid scales. This type of scale is the 
characteristic feature of the primitive mem¬ 
bers of the crossoptcrygians and dipnoans. 
These have the same structural plan as that 
of the bony armours in ostracoderms and 
in many placoderms. This type of scale has 
four distinct layers, (i) innermost layer is 
called the isopedine layer which resembles 
compact bone; ( ii) the next layer contains 
spongy bone with many vascular lacunae; 
(Hi) the next layer is composccToTcosmine 
resembling hard dentine and (iv) the outer¬ 
most layer has an enamel-like consistency. 

The cosmoid and ganoid type of scales 
are limdarnentally similar and are usually 
described by many authors under one cate¬ 
gory. T he ganoid type is regarded to have 
derived from the* cosrnoid forms in course 
of evolution. 

Cycloid scales. This type of scale has 
rounded form. The centre of the scale is 
thicker and gradually thins out towards 
the margin. Each scale has concentric lines 
of growth. The scales are situated in the 
dermal pockets. This type of scale is pre¬ 
sent in teleost and in surviving dipnoans. 

Glenoid scale. T his type of scale has rou nd¬ 
ed shape and die free margin possesses 
many comb-like projections. This type of 
scale is present in most teleosts. These are 
also embedded in small dermal pockets. 
The basal end of this type of scale is 
usually wavy. 

The cycloid and the ctenoid scales arc 
basically built on the same fundamental 
plan. The origin and development of these 
two types of scales arc also similar. The 
cycloid scales are regarded to be phylo- 
gencticaliy more primitive, because cycloid 
scales are recorded in Cretaceous period. 
Transitional stages between the cycloid 
and ctenoid scales arc found in many fish¬ 
es which prove that ctenoid scales have 
evolved from cycloid forms. In some floun¬ 
ders, the upper side is provided with cte¬ 
noid scales and the underside is lined by 
cycloid scales. Such a combination of two 
types of scales is quite common in some 
other fishes also. 


Modification of Scales 

The scales in fishes have undergone 
modifications for specialised functions. The 
teeth in sharks are modified placoid scales 
and transitional stages in the process of 
transformation arc encountered in these 
forms. The lateral rows of blade on the 
‘saw' of the saw fish are modified placoid 
scales. In Tctrodon (globe fish) and Diodon 
(Porcupine fish) the scales become trans¬ 
formed into protective spines. In Acanttiurus 
(Sturgeon fish) the scales at the base of the 
tail have been transformed into sharp 
cutting blade. 

In Getorhinus (Basking shark) the gill- 
rakers are modified scales. In Hippocampus 
(Sea horse) and Syngnatlius (Pipe-fish) the 
scales become fused to form protective bony 
rings round the body. 

Scales and age of fish 

The cycloid and ctenoid scales help in 
calculating the age of fishes. The scales 
grow as the fish grows. T lie fishes inhabit¬ 
ing specially the temperate zones leave 
distinctive record of age and growth rate on 
the scales. T he scales appear first at a very 
young stage. During summer when the nu¬ 
tritional source is abundant, the fish grows 
very fast. Simultaneously with the rapid 
growth of the fish, the scab's also grow. In 
winter the growth rate is slow and the 
difference is distinctly marked by concen¬ 
tric ‘rings'. By counting the annual rings 
(or lines of growth) the age of a fish can be 
determined with a degree of accuracy. 

Electric organs 

Many fishes possess specialised organs by 
which an electric current is generated. This 
unique property of generating dee trie, 
current is nowhere observed in animal 
kingdom. About two hundred filly species 
of fishes, both elasrnobranchs and teleosts, 
are recorded to possess electric organs. Pre¬ 
sence of electric organ in different, fishes is 
difficult to explain from the phylogenetic 
point of view but these organs have possibly 
evolved independently within the fishes to 
meet certain piscine needs. Many fishes 
possess electric organs and it is difficult to 
give a roll call of all the species. However, 
the following fishes are notable in having 
well defined electric organs. Amongst the 
elasrnobranchs, the dectric rays ( Torpedo 
and Narcine) and the Skate's (Raja) have 
well-developed electric organs. Members 
of a few families of the teleosts have deve¬ 
loped the electric organs. They are: (1) 
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Electropborus eledricus inhabiting the rivers extracellular matrix and arc bounded to- 

of South America. (2) Gymnarchus and gether by connective tissue to form com- 

Mormyrus found in the rivers of Africa, partment or elongated tube-like structure. 

(3) Malapterurus is the typical African cat- The jelly gets blood supply and one end 

fish. (4) Two star-gazers, the American of the electroplate is connected with the 

Astroscopus and the Mediterranean Ur aim - nerve fibre. 

scopus are some of the best known electric Each electroplate is a multinuclcatc 
fishes. syncytial cell with a clear cytoplasm and 

Structure and origin of electric organs. The exhibits characteristic surface convolu- 

size, shape and location of the electric tions. The nervous end of each electroplate 

organs vary greatly in the different fishes, is generally smooth while the other or the 

However, the electric organs are built on nonnervous end bears large papillae. The 

the same and identical structural plan, electroplate cells are formed from the 

Typically an electric organ is composed of striated muscle cells together with the 

disc-like cells called the electroplates or elec- jelly-like masses. The development of the 

troplaxes. These arc embedded in a jelly-like electric organ is studied in Torpedo. In 



fig. 5.69. Licet tic organs in different Jishcs. A. Torpedo. A portion of the right dorsolateral side of 
the head region is removed to show the electric organ and its innervation. (B) Electrophone eledricus 
showing the extern of the/'Iccluc organ. (C) Transverse section of Eledrophorus eledricus to show the 
position ol the electric organ. (D) Malapterurus. (L) 'Transverse section of Aialapterurus. Note the 
peripheral position of electric organ. 
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this genus, the whole of the electric organ 
is developed from the branchial muscles 
which were originally meant for moving 
the gill-arches. In Elcctrophorus, Skates 
and Mormyrids the electric organs are 
modified muscles and are derived from the 
muscles of the tail. In Astroscopus, the elec¬ 
tric: organs are transformed eye muscles. 

Electric organs in Torpedo . In Torpedo the 
electric organs are best developed amongst 
the elasinobranchs. The electric organs are 
paired and are situated on either side of the 
head between the anterior margin of the 
pectoral tin and the head (Fig. 5.69A). 
Each organ assumes a large Hat kidney- 
shaped mass running through the entire 
thickness of the body. Each electric, organ 
is composed of about 46 vertical columns 
which are separated from each others by 
fibrous tissues. Eaeh column is composed of 
numerous electroplates. The electric organs 
are innervated by numerous nerve fibres 
deriving mainly from four nerves. These 
nerves originate from an electric lobe of the 
medulla oblongata and a nerve front the 
tilth cranial nerve. The innervated end of 
the electroplate is electrically negative and 
the other side is electrically positive. In 
this species, the electric current passes from 
the dorsal (positive) to the ventral side 
(negative). Torpedo generates electric 
current and the strength of the electric 
discharge.: generated by this fish varies from 
30-50 volts. In oilier rays, the electric 
organs are comparatively smaller and 
situated at the lateral sides of the base of 
the tail. Narcino produces 37 volts, and 
a skate, Raja clavala generates about 14 
volts of electric current. 

Electric organs in Electrophones eleclricus . 
The electric organs in electric ‘eel’ (Elec- 
trophurus eleclricus) are highly developed 
amongst the fishes and are capable of 
generating about 270-550 volts (Fig. 
5.69B). On land Elcctrophorus can gene¬ 
rate about 550 volts, but in water the volt¬ 
ages drop to about 270 volts partly due to 
short-circuit. Electrophorus (= Gymnotus) 
is a blind eel-like fish measuring about 2.5 
metres long and inhabits the shallow mud¬ 
dy waters of the Amazon and many other 
South American rivers. The electric, organs 
are paired structures situated one on catch 
side of the body (Fig. 5.69G). These two 
organs are unequal in size and one is 
larger than the other. Each electric organ 
is composed of about 70 longitudinally 
arranged columns each containing a scries 


of about 600 disc-like electroplates. The 
sum total of the tissue responsible for pro¬ 
duction of electric current comprises half 
of the total weight of the body. The elec¬ 
tric organs are innervated by the nerves 
from the spinal cord. The polarity of the 
electric current is from the head to the tail 
end. 

Electric organs in Malapkrurus . fn African 
cat-fish, Malapkrurus eleclricus , die electric 
organs are located in the skin and thus 
form a thick covering over the body (Fig. 
5.69 D, E). The electric organ in this 
particular fish is a dermal derivative and 
is divided into a number of compart¬ 
ments by connective tissue partitions. Each 
compartment is composed of numerous 
electroplates with their nervous ends 
directed towards the tail. Tint electric cat¬ 
fish is recorded to generate about 350 450 
volts of electric current and the polarity is 
from the tail to the head end. 

Electric organs in other leleosts. Vranoscopus 
and Astroscopus produce comparatively 
weak current by the electric organs. The 
electric organs arc smaller in size and are 
innervated by the oculomotor nerves. 
These arc modified muscle tissue and are 
restricted as two oval patches behind the 
eyes. In Stealogenys degans , the electric 
organs exist in a groove below the dermis 
running from the anterior margin of the 
lower jaw to the basal end of the pectoral 
tins. Mormyrus produces weak electric 
shocks by the modified tail musculatures. 
Mormyrus kaunmne is capable of discharging 
a continuous stream of feeble electric 
current of variable frequencies. The dis¬ 
charge of electric current is lowest when 
the fish remains stationary, while during 
locomotion the rate is rapidly increased. 
The cerebellum and acoustico-laleralis re¬ 
gions of the brain become well-developed 
in Mormyrus for the co-ordination of the 
impulses. 

FUNCTION OF THE ELECTRIC ORGANS 

The electric organs are capable of gene¬ 
rating electric current of variable voltages. 
The primary function of the electric: 
organs is defensive, but secondarily sub¬ 
serve many other functions. The fishes 
with highly developed electric organs use 
these offensively in their hunt for food and 
defensively against their enemies. Electro - 
phot us , Torpedo and Narcine are seen to para¬ 
lyse fishes prior to feeding. The fishes with 
feeble electric organs utilise the electric 
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field as the warning device. Mormyrus is 
seen to create an electric field around itself 
and if any object enters the field, the change 
is perceived by the fish. As Mormyrus 
possesses ill-developed eyes, the electric 
field works as a warning device. The high¬ 
ly developed cerebellum and the special 
cells at the base of the dorsal fin possibly 
help in the detection of the break in its 
electric field. 

Poison glands in fishes 

Many fishes have developed poison 
glands in association with the spines. Both 
t hose structures act as the organs of offence 
and defence. The poison glands are modi¬ 
fied skin glands which have evolved for the 
protection from the enemies. Amongst the 
clasmobranchs, particularly in Sting rays, 
the serrated spines on the tail can inflict 
painful and fatal wounds. The spines arc 
not connected with any special poison 
gland, but the secretory products of the 
mucous glands of the skin are possibly 
poisonous in nature. But amongst ideosts, 
well-formed multicellular poison glands 
have been developed in association with 
the spines. In Synanceia, the poison glands 
are highly developed. Each dorsal spine 
lias a groove on both the sides and a poison 
gland is placed at the base of each groove 
(Fig. 5.70C). In Trachitms , the opercular 



fig. 5.70. Poison gbnds and spines of fishes. A. 
Spine of dorsal fin in Trachimis. B. An opercular 
spine and its poison gland of T echinus draco. C. A 
dorsal spine and its'poison gland in Synanceia . 

spines are covered by thin skin except the 
tips. Each spine bears $ groove and a 
poison gland opens at the base of the 


groove (Fig. 5.70 B, C). The poison gland 
secretes a toxic poisonous fluid which is 
forcibly introduced into the body of the 
victim with the spines. In many species, 
the opercular spines arc perforated with 
a complete canal like that of a hypoder¬ 
mic needle. The basal end of each canal is 
connected with a poison gland and dis¬ 
charges its contents into the canal. In 
common cat-fishes (Siluridae) as cxampli- 
fied by Heteropneustes fossilis , each pectoral 
fin bears a spine with a poison gland at its 
base. In other members of the family 
Siluridae, there are deeply serrated dorsal 
and pectoral spines with their basal poison 
glands. In Scorpion fishes, the dorsal 
spines bear deep grooves and the duct 
from the basal poison gland is prolonged 
uplo the tips to open there. In the star 
gazer ( Uranoscopus ) poisonous spines are 
present on the operculum as well as on the 
dorsal fin. 

Luminous (Luminescent or Phospho¬ 
rescent) Organs 

Many fishes, especially the deep sea 
forms, possess light producing organs called 
the photophorcs or luminous organs. Few 
clasmobranchs inhabiting the surface zone 
bear luminous organs. These organs arc 
actually the modified integumentary glands 
and lie-in the skin. Considerable variation 
in the number and disposition of lhe lumi¬ 
nous organs is observed in different fishes. 
Tti majority ~of the cases the luminous 
organs are present along the ventrolateral 
sides of the head and body as one or two 
rolvs extending from the head to tail. But 
in Opnstomias the photophorcs arc arranged 
along transverse bands on the body. 
Pachyslomias bears a pair of large compli¬ 
cated luminescent organs which is present 
under the eyes. In Porichthyes, numerous 
complex photophorcs are present along the 
lateral line of the body. 

The photophorcs produce light by two 
ways in fishes. These organs house photo¬ 
genic symbiotic bacteria in specialised areas, 
but most of the fishes are self-luminous, 
i.e., the light is emitted by glandular celts 
backed by pigmented reflector. The self- 
luminous photophorcs exhibit great struc¬ 
tural evolution. In simple cases, these 
photophorcs are represented by radially 
arranged glandular tubules. These tubules 
get nerve supply from the peripheral ner¬ 
ves. In a complex photophore the dioptie 
parts are developed. In Porichthyes , the 
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photophores after originating from the 
stratum germinativum of epidermis, be¬ 
come differentiated into two layers, the 
upper layer forms the lens while the lower 
layer constitutes the glandular part . The 
glandular part emits phosphorescent light 
and the other structures help to transmit 
the light. In Pachystomias each pholophore 
assumes a cup-like form with its wall made 
up of many concentric layers. Numerous 
glandular cells are lodged in the cup and 
the cup is externally enveloped by pigment¬ 
ed layers. A lens-like body is present in the 
mouth of the cup and the overlying integu¬ 
ment serves as an iris. The light reflecting 
layer is thick and highly developed. It is 
composed of reflecting spicules. These, 
organs are innervated by a branch from 
the fifth cranial nerve. 

In the photophores where light is pro¬ 
duced by the symbiotic photogenic bac¬ 
teria, such bacteria are present in the 
glandular tubules. This category of photo¬ 
phores is capable of producing light for 
a considerable period of time. The provi¬ 
sion for off and on of the light production 
in the photophores is developed in many 
forms. In Pholoblepharon, the light can be 
cut ofrby drawing up a fold of darkly pig¬ 
mented fold like an eye-lid. In Anomalops 
the light is shut off by drawing the photo- 
phore downwards. 

The controlling mechanism of produc¬ 
tion of light by the photophores in fishes is 
not fully known. 'The production of light 
is stimulated by injecting adrenalin and 
also by exposing to the electric shock. The 
activities of the photogenic bacteria ate 
directly under the nervous control. In the 
self-luminous photophores the production 
of light is under the ultimate control of 
sympathetic nerves. So the role played both 
by the nervous and endocrine systems 
governing the physiological activities of the 
•luminous organs is quite suggestive. 

The significance of light production in 
fishes is quite diverse. The functions arc: 
(1) In deep sea forms, the light produced 
by luminous organs helps to search the prey 
in dark environment. (2) Most deep sea 
angler-fishes use the light to lure the prey 
near the mouth. (3) In Stomias and related 
forms, the photophores are sensory in func¬ 
tion and help to detect whereabouts of 
wandering prey. (4) The orientational 
pattern of photophores on the body helps 
to recognise individuals of the same spe- 
'cics. (5) The luminous organs also serve as 


the defensive organs because of quick 
flashing of light which may frighten the 
enemies. (6) The sexual role of the photo¬ 
phores is also recognised in some instances 
by acting as the luminiscent lures. 

Colouration 

Fishes exhibit wide range of colour pat¬ 
terns which enable them to conceal them¬ 
selves from their predators. The gene¬ 
ral colouration with characteristic mark¬ 
ings, in the forms of stripes, bars or spots 
are usually constant in the individuals of a 
particular species. The colour in fishes is 
produced by (lie cells present in the skin. 
These are: { 1) Pigment cells or chmmatophorcs 
and (2) Reflecting cells or iridocytcs. The 
chromatophores are large and branched 
cells containing pigment in the cytoplasm. 
Each chromatophore has a much branch¬ 
ed sac-like cell body with d\in wall. The 
contained pigment granules may be con¬ 
centrated into a minute dot by contrac¬ 
tion. Expansion of the pigment granules 
may result dispersion to form irregular 
colour pattern. The pigment granules de¬ 
posited in each ol the chroma lophorc may 
be either black, red, orange or yellow in 
colour. Other intermediate shades are pro¬ 
duced by the blending effect of two or more 
of the primary colours. The iridocytcs are 
made up of opaque crystals of guanin. 
The iridocytcs are able to rolled light 
and are present either* outside or inside 
the scales. The iridocytcs, located outside 
the scales, give an iridescent silvery 
appearance while, those, situated inside 
tin: scales produce a reliedirig layer 
(i argenteum ). A combination of the chroma- 
tophores and iridocytcs produces inter¬ 
ference effects so that a wide range of 
colour is produced in fishes. The relative 
abundance of the chromatophores with 
their particular kind of pigment granules 
as well as the iridescence and the reflecting 
capacity of the iridocytcs play their role in 
determining the colour of a particular fish. 

The significance of colour in fishes is 
three-folds: (1) Concealing colouration 
(cryptic), (2) Warning colouration (soma¬ 
tic) and (3) Sex colouration (epigamic). 
The cryptic colouration is achieved by two 
ways: (a) by assimilation with the back¬ 
ground and ( b ) by breaking up the outline 
of the fish. Lack of pigmentation in the 
pelagic fishes is a typical example of assi¬ 
milation. Many fishes living among weeds 
(e.g., Hippocampus , Synognathus , Lophius and 
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many others) resemble the sea weeds in 
colour. Extreme cases arc observed in 
Phycodurus and Histrio his trio (frog-fish) 
which, besides their matching colouration 
with the weeds, develop‘leaf-like* processes. 
Many reef-dwelling fishes show an extra¬ 
ordinary variety of colour markings. The 
significance of such markings is to break 
up lhe outline of the fishes. Many bottom 
living fishes have a darker upper side and 
the under side is lighter. In surface feeders, 
like Ifilsa, C{atla> the dorsal side is blackish 
and the colour becomes gradually lighter 
towards the lateral sides. In the shore- 
dwelling fishes inhabiting the sea 
bottom, the colour markings of the body 
imitate the background. Oreclolobus (Car¬ 
pet shark) imitates a weed-covered rocky 
background on which they live. The 
colour pattern is usually constant in a 
particular group of fishes, but the different 
species of the genus, Ostracion (Trunk fish) 
show a variety of colour depending on the 
environment they live. Such variation in 
colour is also observed among the indivi¬ 
duals of the same species of Brown Trout 
(Salma tral{a). 

Warning or Somatic colouration involves 
the adoptidn of special colour pattern 
which acts as the danger signals to the pre¬ 
daceous fishes. The fishes of this category 
have either poisonous ilesh or possess veno¬ 
mous glands in association with the spines 
and the like. Trichinus (Wcevcr-fish) provi¬ 
des an excellent example of warning colou¬ 
ration. The pectoral fin of Solca mimics the 
aggressively coloured dorsal fin of We over 
and thus escape the eyes of the predators, 
because the predators think it to be the 
member of Wcevcr-fish. Torpedo ocellala 
has conspicuous coloured spots. 

Two sexes of many fishes show colour 
difference specially during the breeding 
season. Such a phenomenon becomes 
conspicuous in fishes which exhibit 
some sort of courtship. Colour difference 
appears during the breeding season and 
after the season is over the colours vanish, 
and two sexes become more or less simi¬ 
lar. Usually the male individuals exhibit 
colouration which depends on genetic 
factors lodged in the Y-chromosome. In 
Lebistes , there are many ‘races’ of distinc¬ 
tive coloured males while the females are 
typically coloured. The significance of such 
colour* change is not fully understood. 
Evidences have shown that such changes 
are associated with the sexual activities. 


The characteristic colour pattern of a 
fish depends on the relationship between 
the chromatophores and the iridocytes. 
Majority of the fishes have the ability 
of either slow or instantaneous change 
of* colour. Such a change is primarily 
due to the action of the chromatophores by 
(i) contracting or expanding the contained 
pigment granules, (ii) an increase or de¬ 
crease in the number of chromatophores 
and (Hi) altering the distributional pattern 
of the chromatophores in the skin. The 
physiological mechanism of the movement 
of the pigment granules within the chro- 
malophores is not known. It is apparent 
that the initial stimulus of change of colour 
is received through the eyes and the direct 
action of light on the production of pig¬ 
ment is certain. Because absence of light 
(as exainplified by the cave-dwelling fish¬ 
es) leads to the disappearance of pigmenta¬ 
tion. It is, however, suggested that both 
nervous and endocrine systems control the 
process. Slow changes of colour arc under 
the control of hormones, while fast or 
instantaneous changes are under nervous 
control. The ability to change of colour is 
to convert the fishes to the same hue of 
the surroundings they inhabit and helps the 
fishes to survive in hostile environment. 

NERVOUS SYSTEM 

The organisation of nervous system is 
basically similar in different fishes. The 
brain and the- spinal cord are covered by a 
single protective covering called the meninx 
primitiva . The spinal cord bears the dorsal 
figure in most fishes, but the ventral fissure 
is lacking. The forebrain exhibits extensive 
variation. In most elasrnobranchs, the 
cerebral hemispheres are widely separated, 
but in others the separation is not so well- 
marked. In the latter forms, at least a 
median depression is present which indi¬ 
cates the division of the anterior part of the 
forebrain. In most teleosts, the prosence¬ 
phalon is not divided into hemispheres and 
the roof is nonnervous and thin. The Jloor 
of cerebral hemispheres (corpus striatum) 
is well-developed. In dipnoans the cerebral 
hemispheres are quite distinct anteriorly. 
The olfactory lobes arc usually well-formed 
and are, in most cases, borne on long ol¬ 
factory peduncles. In the rays and Acipen- 
ser, the olfactory lobes are solid structures. 
In general, the progression of telencepha¬ 
lon is limited not beyond the development 
of I he olfactory centre. The diencephalon 
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is moderately developed in fishes. Presence 
of saccus vasculosus and inferior lobes , espe¬ 
cially in elasmobranchs, are the modifica¬ 
tions of the lower part of the diencephalon. 
The saccus vasculosus has folded pigmented 
walls which acts as a pressure receptor. It 
is well-developed in deep-sea fishes. The 
optic nerves in elasmobranchs form chias- 
ma, but in teleosts the chiasma is absent 
where the optic nerves simply cross or de¬ 
cussate. The cerebellum is poorly develop¬ 
ed in sluggish fishes, but in active; forms the 
cerebellum is prominent. Amongst the 
elasmobranchs, cerebellum is elongated in 
sharks, but is comparatively shorter in rays. 

The medulla oblongata exhibits struc¬ 
tural modifications in response to different 
functional responses. In certain fishes, two 
well-developed vagal lobes are present in the 
medulla oblongata. These lobes are highly 
developed in many teleosts and are very 
prominent in buffalo fish (Carpiodcs tumi - 
dm). The electric lobes in Electric rays are 
the spherical projections of the floor of the 
fourth ventricle and innervate the electric 
organs. The origin and distribution of the 
cranial nerves arc more or less similar in 
all the fishes. 

SENSE ORGANS 

Fishes possess specialised sense organs. 
The major sense organs are described 
below: 

Eye. The eyes of fishes are the photo¬ 
receptors to set; things under water. The 
eyes are typically built on the principle of 
a photographic camera. The eye ball is 
composed of three layers—the outer is the 
sclera , the median is the choroid layer and 
the innermost photosensitive layer is called 
the retina . The lens is mostly globular and 
the cornea is flat. 

In elasmobranchs, the eyes arc very 
large and in the deep-sea holocephalans 
the eyes are the largest. The eyes in 
most elasmobranchs, are held in posi¬ 
tion inside the orbit by a cartilaginous 
stalk or optic pedicel . In some sharks and 
rays the pedicel is slender, elastic 
and helps in the protrusion of the eye¬ 
ball. Most conspicuous feature in the 
eye of elasmobranchs js the presence of 
cartilage in the sclera, absence of intrinsic 
muscles in the ciliary body , presence of a fold 
of conjunctiva recalling the nictitating mem¬ 
brane of higher forms (in a few sharks) 
and the presence of large rounded lens. In 
most elasmobranchs, a light reflecting 


layer called thfe tapetum lucidum (composed 
of guanin) is exceptionally well-developed. 
The tapetum lies in the choroid. In Basking 
shark, Cdorkinus and in an aby ssal shark, 
Laemargus , the tapetum is wanting. In most 
teleosts, a silvery layer, argenteum is pre¬ 
sent between the sclerotic and the choroid 
layers. The cells composing the layer con¬ 
tain fine crystals. Absence of chhroid pro¬ 
cess is a notable feature in the eyes of 
teleosts. A choroid gland is present which is 
not glandular in nature but composed of a 
complicated network of vessels ( rete mira - 
biles). The retinal layer lacks the cones in 
elasmobranchs except Mustelus , Aiylio - 
halts and few other forms. In these forms 
the cones have been derived independent¬ 
ly from the rods. In other fishes the eyes 
exhibit great, variations. The cartilage 
in the sclera may be replaced by bony 
plates. The cones are present in teleosts. 
Accommodation of the eyes is caused by 
change of position of lens. This is accom¬ 
plished by I he falciform process in conjunc¬ 
tion with compamda ilallcri in teleosts. The 
falciform process ends in a muscular knob 
called the campanula Halleri yr retractor 
lentis . But in elasmobranchs, accommoda¬ 
tion is brought about by the activities of 
the smooth muscle fibres. These fibres 
bring the lens towards the cornea. Deep 
sea teleosts inhabiting the total darkness 
possess enormous eyes. In these forms, pupil 
and the lens are exceptionally large. The 
rods are well-developed but the cones are 
totally lacking. The eye-ball is tubular in 
some deep-sea forms. Amongst the clasmo- 
branchs, in a deep-sea electric ray, Bcntho - 
bales jnoresbyij the eyes are degenerated. 
Amongst the deep-sea teleosts, a few arc 
blind and in others the eyCs are degenerat¬ 
ed. In Ipnops murrayiy the eyes have al¬ 
together disappeared. Certain cave-dwellr 
ing fishes have minute Emotionless eyes. In 
some t eleosts, the eyes are adapted for vision 
in water as well as in air. 'Flic typical exa¬ 
mples are Periophlhalmus and Boleophthalmus. 
The eyes in these two forms are prominent 
and each eye can be rotated in all directions. 
In four-eye fish, Anablcps of Central America, 
each eye has two pupils in adult. The eye 
is divided into two parts by a horizontal 
band. The upper half usually remains out 
of water and is used, in aerial vision. In 
another fish, Diahmmus two pupils arc pre¬ 
sent in each eye which are actually circular 
transparent areas in an opaque and pig¬ 
mented cornea. 
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The fishes possess monocular vision, i.e., 
the two eyes cannot be focussed on the 
same object. But certain deep-sea fishes 
have telescopic vision. The eyes are mostly 
present on the lateral sides of the head, but 
in flat fishes both the eyes are placed on the 
dorsal side. 

Ear. The ear in lishes is represented only 
by the internal ear or membranous labyrinth. 
The internal ear is completely enclosed in 
the otic bones. The membranous labyrinth 
shows many structural peculiarities in clas- 
rnobranchs. As stated earlier, the internal 
ear is composed of three semicircular canals 
and three other parts (the ulriculus, sacculus 
and lagena). The last three chambers con¬ 
tain otoliths (cur stones), namely the lajhllus , 
sagilta and asteriscus. In many elasmo- 
branchs, a small tube arising from the 
dorsal side, of the sacculus opens to the sur- 
lace of the head. 'This duet is termed 
the invagination canal which is homologous 
to the endolymphatic duct of other forms. 
In these forms the cavity of the membra¬ 
nous labyrinth is filled with sea water, 
rather than endolymph. In other fishes, a 
new endolymphatic duct appears and the 
invagination canal disappears altogether. 
As stated earlier, in some teleosts, the pre¬ 
sence of Weberian ossicles correlates the 
function of swim-bladder with the equili¬ 
brating and auditory functions of the in¬ 
ternal ear. In elasmobranchs, the experi¬ 
mental evidences have established that 
the ear may function as a vibration 
receptor. 

Olfactory sense oigans. In fishes the 
olfactory organs are paired and show an evo- 
lul ionary advancement. Inmany fishes these 
organs may be fust blind pits with olfac¬ 
tory epithelium or Sc he iderian membrane. The 
olfactory epithelium may produce numer¬ 
ous Scheiderian folds to increase the area in 
fishes. In bony lishes, the nostrils are gene¬ 
rally located on the dorsal side of the head, 
but in elasmobranchs ihese arc situated on 
the ventral side. Excepting the Ghoanich- 
thyes, the nasal cavities arc not in com¬ 
munication with the mouth in other fishes, 
although an onmasal groove in some elasmo- 
branchs foreshadows the condition in 
Choaniclithyes. 

Lateral line sense organs. Although 
the function of the lateral line sense organs 
in fishes is not ascertained with accuracy, 
these arc present in all khe fishes. These are 
regarded as the rheorreeptors. T he sensory 


units of the organs are the neuromasts which 
in certain fishes are localised on the surface. 
The neuromasts arc highly developed in 
elasmobranchs. In many fishes the neuro¬ 
masts are located in the integumentary 
grooves which may form canals. The 
grooves may remain open in holocephal- 
ans, but in most bony fishes a dosed lateral 
line canal is formed which communicates to 
the exterior by small pores perforating the 
scales. In Miripinna , the lateral line sense 
organs are placed on the elevations. Pre¬ 
sence of ampullae and ampullary canals 
are peculiar to the elasmobranchs, al¬ 
though such ampullae are seen to be pre¬ 
sent in catfish, Plotosus. The ampullae of 
Lorenzini are the thermoreceptors found in 
elasmobranchs. The structure of these sense 
organs is described in the biology of 
Scoliodon. T he vesicles of Savi (closely re¬ 
lated to the ampullae of Lorenzini) occur 
on the ventral side of the body of Torpedo. 
These are closed sacs of unknown function. 
The rostral sac or internasal organ in Latimeria 
is not related to the ampullae of Lorinzini. 
The function of this organ is not known but 
it may possibly act as a theroinoreceptor. 

EXCRETORY SYSTEM 

Adult fishes possess opisllionephros type 
of kidney. Although built on the same 
fundamental plan, the kidneys in fishes 
show great variation in shape. In most 
fishes, kidneys are extremely elongated 
structures and extend the entire length of 
the body cavity. They may attain volumi¬ 
nous size and the two kidneys show various 
degrees of fusion along the length. Usually 
the posterior sides of the kidneys are fused 
and the anterior ends remain free. The 
anterior part of kidney in almost all forms 
is nonrenal. 

In elasmobranchs, the kidneys >n two 
sexes differ structurally. In male the an¬ 
terior nonrenal part of the kidney is well- 
formed and subserves reproductive func¬ 
tion, but in female the anterior part of the 
kidney is functionlcss and degenerated. In 
teleosts, the anterior portion of the kidney 
is converted into lymphatic tissue and does 
not perform any renal function. In teleosts 
there is no connection between testis and 
the kidney. Marine teleosts possess fewer 
number of glomeruli than the fresh water 
forms. In some cases, the kidneys are 
wholly aglomerular. In toadfish, Opsanus 
tau the kidneys are aglomerular. 
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REPRODUCTIVE SYSTEM 

The sexes are separate and the sexual 
dimorphism is usually absent excepting 
some fishes. The male sharks possess clas- 
pcrs, the brood pouch in Hippocampus and 
pipe-fishes (Syngnathidae) are some of the 
striking features. 

Male reproductive system. The testes are 
paired structures and arc symmetrically 
placed in the anterior part of* the coelom. 
The testes are attached with the body wall 
by mesorchia. The testes are roughly oval or 
elongated in shape. 'The testes often exhibit 
lobulated texture. In dipnoans, testes are 
enveloped by lymphoid tissue. 'The manner 
of transportation of the spermatozoa from 
the testis differs in many fishes. In most 
rlasmobranchs, small efferent ductules arising 
from testis are connected with the kidney 
tubules of the anterior portion. In clasmo- 
branchs, the connection of the efferent duc¬ 
tules from the testis and the archincphric duct 
occurs in the anterior region of the opis- 
thonephros. This condition may be quite 
different in other fishes. In Polyp terns, the 
kidney tubules at the posterior part of the 
kidney usually degenerate and subserve, 
reproductive function. In Protopterus and 
many teleosts, separation of testis duct 
from archincphric duct represents the 
specialised condition. 

In elasmobranchs, holocephalans and 
few tclcosts internal fertilization occurs and 
is effected by copulatory organ. Clasping 
organs in elasmobranchs serve the purpose. 
In holocephalans, clasping organs of simi¬ 
lar nature are present. In some, teleosts the 
anal fin in males prolongs posteriorly into 
an intromit tent organ called th v. gonopodium. 
The gouopodium is present in the ‘guppy’, 
a common aquarium fish. The intrornit- 
tent organs found in tclcosts arc actually 
the specialisation of haemal spines of some 
caudal vertebrae. 

Female reproductive system. In fishes the 
ovaries are paired structures. In some fishes 
unpaired ovary is present, which is actually 
formed by the fusion of two ovaries. T he 
ovaries are attached to the body wall by 
the mesenteries. The ovaries are asymme¬ 
trically placed in some forms. In many 
elasmobranchs, the right ovary becomes 
greatly developed and the left one atro¬ 
phies. In majority of the teleosts saccular 
ovaries are present and become greatly 
enlarged during breeding season. Other 
teleosts may possess solid ovaries. The 


structures concerned for the transportation 
of eggs from coelom to the exterior vary 
greatly in fishes. The members of the family 
Salmonidae and some other fishes the eggs 
escape through the abdominal pores. In addi¬ 
tion to the abdominal pores, ducts for 
transportation of eggs exist in most forms. 
In elasmobranchs, shell gland is present in 
each oviduct . T he shell gland is letter deve¬ 
loped in oviparous forms than the ovo- 
viviparous species. In ovoviviparous dog¬ 
fish, Squalus acanthi as, temporary shell sur¬ 
rounds several eggs in the uterus and the 
eggs undergo early development within 
it. 

'The teleosts have saccular ovaries and 
possess short oviducts. The twq oviducts 
may often unite posteriorly to form a single 
duct which opens by genital pore. Most of the 
teleosts are oviparous, but ovoviviparous 
forms are also common. The homology 
of the oviducts in different forms is not 
certain. 

All the elasmobranchs are oviparous ex¬ 
cepting Rhinobatus and Trygonorhina which 
are viviparous. Vaviparity accompanied by 
formation of placenta is also present in 
teleosts. Viviparity is quite widespread in 
the families of the order Mkmyprini. 
Amongst elasmobranchs, viviparity accom¬ 
panied by true placenta formation is quite 
common. In some sharks, the vascular 
chorion unites with the uterine wall. For 
the purpose of drawing nourishment from 
the maternal tissue, development of villi 
is also observed in Torpedo and Trygon. 

MIGRATION OI* FISHES 

The fishes are notable for migration for the pur¬ 
pose of spawning. The inherent purpose of migration 
is not known. 'There arc two opposing trends of 
migration in fishes: f 1) Caladromous migration , i.c., the 
journey from river to the seas and (2) Anadromous 
migration meaning the reverse movement of the 
fishes from the sea Lo the river system. 'The life-his¬ 
tory of the European eel (Anguilla) will give a clear 
idea regarding the migration of fishes. 'The life-his¬ 
tory of this eel is categorised into four phases: (1) An 
ordinary yellow-cel representing the growing and 
feeding form in river, (2) changes into the silvery eel 
ready for seaward migration for spawning (breed¬ 
ing phase), (3) a pelagic larval phase and (4) the 
metamorphosis of the pelagic larval phase to dver. 
Anguilla undertakes long journeys for spawning. 
There are two distinct kinds of eel. The yellow 
coloured variety living in fresh water represents the 
feeding and growing forms. With the advent of 
autumn, majority of the yellow-cels become silvery 
and prepare to undertake migration to the spawn¬ 
ing ground. During this transformation, the yellow, 
eels stop feeding, the eyes become greatly enlarged, 
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the snout becomes sharper with thinner lips and the 
yellow colouration is replaced by a metallic silvery 
colour. The silver-eels are recognised by having 
matured reproductive organs and shrunken diges¬ 
tive tract. These silver-eels migrate down the rivers 
to reach the seas. It is recorded that the eels cover 
about 3000 4000 miles westwards from Europe or 
eastwards from America to their spawning ground 
in the Sargasso Sea ofl* Bermuda. After the. comple¬ 
tion of spawning the parents die. 

The fertilized eggs float for sometime and the 
youngs hatch out as the pelagic larvae. The 
larvae are called the Lcptocephali having a flat leaf- 
like body. These tiny creatures are provided with 
elongated needle-like teeth for feeding. They 
now begin their long homeward journey and under¬ 
go metamorphosis and turn into the elvers (glass 
eels). The needle-like teeth are lost and the Batten¬ 
ed body becomes cylindrical. The elvers, when 
attain about three years, start ascending the rivers 
in shoals to reach a suitable resting place. Here the 
elvers will feed and grow for some years to become 
the yellow-eels. The yellow-eels, on maturity, 
change into the silver-cels and start the same circle 
of migration. 

Many marine fishes migrate to the river from the 
sea for spawning. This anadromous migration is 
observed in Acipensrr , Alosa, Sulmo , Hilsa. These 
fishes usually produce huge number of eggs to com¬ 
pensate the risk to which the eggs arc subjected. 
Atlantic. Salmon (Snlmo salar) spawns during 
November and December. During this period they 
ascend to the rivers and give up feeding, as a conse¬ 
quence thev lose weight. The silvery colour of the 
body is gradually replaced by a dull reddish-brown 
tint and the skirt on the bark becomes thick. Sevital 
dimorphism becomes evident:. The males arc charac¬ 
terised by having enlarged front tee'll. The snout 
and the lower jaw become drawn out to form a pro¬ 
minent hook. The Salmons, after the selection of sui¬ 
table spawning grounds, seggregate into pairs and 
produce shallow saucer-like nests where spawning 
takes place. The fertilized eggs sink and the females 
loosely cover the eggs by fine gravels. After the pro¬ 
cess, the fishes make return journey to the sea. A 
few of the male fishes survive to breed for the second 
time, but the females are able to reach the sea. 
They begin to take food and regain the silver colour. 
The Salmons do not spawn more than three times 
in their life span of eight to nine years. The North 
American Sainton of the Pacific coast ( Qncorhymhus ) 
exhibits similar spawning behaviour. 

RELATIONSHIP BETWEEN THE CLASSES 
OF FISHES 

Fishes are conveniently categorised into three 
broad classes—the-Placodermi, Chondrichthyes (or 
Elasmobranchii) and Osteichthyes. Each of the 
class is characterised by having a number of indi¬ 
vidual specialisations. But the interrelationship 
between the three classes of the fishes becomes 
extremely difficult to interpretc. 'The most impor¬ 
tant obstruction stands on this particular aspect is 
the absence of good fossil link. T he placodcrms were 
the earliest known gnathostomes and were the pro¬ 
genitors of the modern fishes, both the bony and 
cartilaginous forms. The placodcrms represent a 
polymorphic group and exhibit wide range* of 
adaptive radiation. Of the placodcrms, the acan- 
thodians were the most primativcly constructed 


forms and possibly hold the ancestry of the other 
fishes. But the existence of the operculum in acan- 
thodians becomes sometimes difficult to interpretc, 
specially in the consideration of the phylogeny of 
the elasmobranchs. The old idea that the elasmo- 
branch fishes with cartilaginous skeleton represent¬ 
ed the most primitive forms docs not hold true, be¬ 
cause the recent workers on this line are unanimous 
on the primitiveness of the placodcrms. This is 
attested by the paleontological records. 

The osleichthyian fragments were abundant in 
mid-Devonian deposits. From the existence of the 
fossil records, the emergence of these forms prior to 
mid-Devonian strata is obvious, possibly in the early 
Devonian, if not, late Silurian times. Whether the 
two subclasses of the class Ostcic.hLhycs, viz., the 
(a ossopterygii and the Actinoplerygii have ini me¬ 
diate common ancestry is not certain. It is most 
likely that the Ac ti nopterygia ns and the Crossop- 
tervgians have common ancestor in the upper Silu¬ 
rian or early Devonian period. After originating 
from the common progenitors these two groups 
underwent wide diversification. The Crossop tery- 
giaris, despite their abundance in the early part: 
of the evolutionary history, exist to-day with a few 
living representatives. Whereas the actinoptcrygians 
have reached the pinnacle of evolutionary success 
and survive to-day by a countless number of 
forms. 

The emergence of the elasmobranchs is still a 
debated issue. The absence of bony elements led 
many earlier workers to hold ihc view that the bony 
fishes h ive evolved from the elasmobranchs. But 
such a concept is rejected on the plea that the bone 
is actually a primitive material iri the geological 
history. 'The earliest, known fragmentary remains of 
the elasmobranchs (although rejected by many 
recent Ichthyologists) were discovered in the inid- 
Dcvoiiian deposits. But the records of the fossils of 
the bony fishes dated back to the early Devonian 
and late Silurian period. So the idea of the clasmo- 
brancli progenitor of the bony fishes is unaccep¬ 
table. The elasmobranchs represent a well- 
defined group and their evolution from the: shark¬ 
like polymorphic placodcrms is supported by re¬ 
mote and incomplete evidence. The elasmobranchs 
have cartilaginous skeleton with no trace of true 
bony elements. So how can this group be evolved 
from the placodcrms where the skeleton is bony is 
difficult to explain. Many recent authors incline to 
think that the elasmobranchs have evolved from the 
bony ancestor (the, placodcrms) through neoteny. 
Evolutionary plasticity of the youthful stages and 
their subsequent role in evolutionary dynamics have 
been greatly emphasised by Garstang and Willey. 
It is likely that the bony ancestral forms during their 
larval phase become sexually mature and reproduce 
in that condition. Such a ueotenous form possibly 
holds the key of the emergence of the elasmobranchs. 
'There arc evidences in favour of this idea. The 
evidences are: (1) The. cartilage is an embryonic 
tissue. So the presence of exclusively cartilagi¬ 
nous skeleton indicates the embryonic condition. 
(2) T he ncotenous condition is observed in a few 
living tcleosts as exarnplified by Clariallabss. An 
amphibian larval form Axolotl (discussed in the next 
chapter) exhibits the same phenomenon. So the 
cumulative evidences force us to believe the emer¬ 
gence of the elasmobranchs from the bony fishes 
through the phenomenon of neotony. 
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SUMMARY 


(1) 'The fishes arc the primary aquatic verte¬ 
brates which exploit the every nook and niche of the 
domain of water. They have undergone extensive 
adaptive modifications for living in the watery home. 

(2) The fishes are notable for their countless 
number and wide diversities of form, habit and 
habitat. 

(3) Despite their diversities, all the fishes are 
built on the fundamental piscine plan. All of them 
are characterised by possessing many common diag¬ 
nostic features. 

(4) The classification of the fishes is a controver¬ 
sial issue. This is because of our incomplete know¬ 
ledge of their fossil forms. The older idea of the in¬ 
clusion of all the fishes under one superclass Pisces 
is no longer considered. 

(5) All the fishes (extinct as well as extant) are 
conveniently classified into three classes of equal 
taxonomical status. The classes are: Placodcrmi (in¬ 
cluding exclusively the fossil fishes). Chottdrichlhyes 
(all the cartilaginous fishes) and Osteichthves (embra¬ 
cing the bony fishes). But the scheme of division of 
the three classes into smaller units differs consi¬ 
derably. 

(6) The placodcrms constitute the most primi¬ 
tive fishes which were the progenitors of the modern 
fishes. 

(7) The bony fishes represent the highest deve¬ 
loped forms. This group also includes the crosso- 
pterygians, from which the amphibians have evol¬ 
ved in time and space. 


(11) The anatomical organisation of fishes be¬ 
comes modified according to the different modes of 
living. 

(9) AH the fishes, except the members of the 
family Siluridae and bottom dwellers, possess der¬ 
mal scales covering the body. There are various 
types of scales, viz., plncoid, cosmoid, ganoid, cycloid 
and ctenoid. The scales form a sort qf protective 
device and may be modified into variety of struc¬ 
tures in different fishes 

(10) The teeth and the digestive system become 
specialised in accordance to their specific feeding 
habits. 

(11) All the fishes respire by the gills. Some: 
teleosts are able to respire on laud by the accessory 
aerial respiratory organs. 

(12) The. swimbladder, specially in bony fishes, 
has undergone extensive spcciatisnfion.4fctig prima¬ 
rily a hydrostatic organ which may sutfifllip many 
other functions in certain fishes. The transformation 
of the swimbladder into tin: ‘lung’ particularly in 
the dipiloans is significant. 

(13) Many fishes possess well-developed protec¬ 
tive mechanisms. The ability to generate electric 
current by the electric organs, the possession of 
venom and poisonous spines, the phosphorescent 
organs and Ihe colouration in some forms of fishes 
are special, achievements on which the, fishes de¬ 
pend for protection against their enemies. 



CHAPTER 6 


Phylum Chordata— amphibians 

* / 

The transition from water to land is a very remarkable step in the phylogenetic 
history of the vertebrates. This conquest of land was first initiated by the primitive 
amphibians in the Devonian period (fig. 6.1) and was completed by the reptiles in 
course of time. Although the amphibians are credited as the first land-dwellers, they are 



Fig. b. 1 Icthmlt'ga was the pioneer amongst the vertebrates to leave the primal aquatic 
abode and came to the land during the late Devonian'period. Being amphibian in 
.structure and function, Icihjmtvga retained many features of its piscine ancestor. 


not fully adapted to the terrestrial environment. They constitute a sort of transitional 
group, neither fully aquatic nor fully terrestrial, but have made a compromise between 
the two opposing environments*. However, on coining to the land, the amphibians had to 
confront diverse problems of land life, as a result radical changes have occurred in their 
biological organisation. This chapter deals with the biology of the amphibians. 


IMPORTANT FEATURES 

The amphibians represent the primitive 
group of land vc rtebiatos. Although the 
members or this class exhibit great struc¬ 
tural diversities, they possess many com¬ 
mon diagnostic features. The features are: 

(1) The body is bilaterally symmetrical. 

(2) They are cold-blooded vertebrates. 

(3) The skin is naked and highly glandular. 
Most of the- living forms are scaleless ex¬ 
cept the members of the order Gymno- 
phiona where internal scales are. present.’ 

(4) Two pairs of limbs are usually present. 
The forelimbs are provided w'ith four 


digits and the hindlimbs are usually with 
five digits. The digits are clawless. (5) Dis¬ 
tinct neck is absent. (6) The heart is com¬ 
posed of two auricles, one undivided ven¬ 
tricle, one sinus venosus and one conus 
arteriosus. There is no provision for sepa¬ 
ration of oxygenated and tieoxygenated 
blood in the heart. (7) The tympanum is 
present and is connected with the inner 
ear through a rod-like columella. (8) They 
are oviparous and the eggs are large, yolky 
and telolecithal. (9) The amnion and allan¬ 
tois are absent. (10) An aquatic larval 
stage (Tadpole larva) is usually present. 
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OUTLINE CLASSIFICATION 

The class Amphibia is divided into the 
following orders: . v 

EXTINCT ORDERS 

1. Labyrinlhodontia —e.g., Eryops. 

2. Phyllaspondyli —e.g., Branchiosaurs. 

3. Lepospondyli —e.g., Diplocaulus , Lysoroj'hw. 

LIVING ORDERS 

1. Gymnophiona (or Apoda) —e.g., Jchth- 
yophis. 

2. Urodela (or Caudatd) .-e.g., Necturus, 

Triton . 

The order Urodela includes five sub¬ 
orders, namely Cryptobranchoidea, Am- 
bystomoidea, Salamandroidea, Proteida 
and Meantes. 

3. Salientia (or Anura)— e.g., Bujo, Alytes , 
Ran a. 

The order Salientia has five suborders 
under it. The suborders are: Amphicoela, 
Opisthocoela, Anomocoela, Procoela and 
Diplasiococla. 


HABIT AND HABITAT 

Toad is a cold-blooded or poikilother- 
mous (i.e., the temperature of the body 
depends on the environmental temperature) 
vertebrate. Because of this fact, toad 
enters into the phase of winter sleep during 
colder months. This phenomenon is called 
the hibernation. Adult toad generally lives 
on land, but if necessary they can live in 
water for long time. Toad spends its early 
phase oflife in water. It is truly an amphi¬ 
bian both in biological as well as literal 
sense (amphi— both; bios =*li[e). Toad is 
quite at home iri water as well as on land. 
On land it is obligatory for the toad 
to remain in dark and moist places, pre¬ 
ferably near water. Skin of toad is an 
accessory respiratory organ and so it is kept 
moist. It tries to keep itself away from 
bright light. Toad is a carnivorous animal 
and catches insects by its sticky tongue. 
The males can produce croaking sound 


head 



Example of Amphibia —TOAD 
Buj'o melanostictus is a common toad. It is 
found in damp places ail over this country. 
Toad represents the typical example of 
the class* Amphibia. Despite the fact that 
toad is a highly specialised form amongst 
the liying amphibians, it is studied exten¬ 
sively to gain an elementary knowledge on 
.the anatomy of vertebrate in general and 
an amphibian in particular. 


by the vocal sac, especially during breed¬ 
ing season. Toad breeds in water. 

EXTERNAL STRUCTURES 

Toad has a short bilaterally symmetri¬ 
cal body (Fig. 6.2). There is no exoskeleton 
over the skin, i.e., the skin is naked. The 
skin has a rough texture. The dorsal side of 
the body is blackish grey while the ventral 
side is yellowish grey. Toad can change the 
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colour of the body to match with the hues 
of its surroundings. Ordinarily it has a 
colour same as the earth. The body is 
divisible into the head and trunk. Distinct 
neck is absent. The post anal tail is 
absent in adult stage. Tail is present and 
well-developed in the larval condition. The 
head is semicircular in outline. It is broad, 
depressed and has a blunt snout . The mouth 
is an extraordinary wide opening located 
at the terminal end of the head. At the an¬ 
terior dorsal side of the head there is a pair 
of rounded openings known as the nostrils ox 
external flares. The eyes are very large and 
prominent. These are protruding and are 
situated one on either side of the head. 
Each eye is provided with a thick upper 
eyelid and an ill-developed lower eyelid. A 
'transparent nictitating membrane (or third 
eyelid) is present which is stretched to 
cover the eyeball. Behind each eye, a cir¬ 
cular area known as eat drum (or tympanum) 
is present. Just behind each tympanum 
there is an elongated elevation called the 
parotid gland. These paired glands secrete 
whitish pungent sticky juice. It is a poiso¬ 
nous secretion and causes nausea and 
effects the heart in man, if swallowed. When 
the secretion falls in the eyes and nose, it 
causes irritation, but rarely affects the skin. 
These glands act as the organs of offence 
and defence. The skin on the floor of the 
buccal cavity becomes inflated to form 
vocal sac in male. The trunk is broad, short 
and flattened. Ennumerable small eleva¬ 
tions known as warts are present on the 
dorsal side of the body. The cloacal aper¬ 
ture or vent is located on the dorsal side of the 
posterior end of the body and between the 
two hindlimbs. There are two pairs of 
limbs. These are of unequal size. The fore¬ 
limbs arc smaller than the hindlimbs. Each 
forelimb consists of a brachium (upper arm), 
an ante brachium (fore arm) and a memos 
(hand). The hand is followed by four digits. 
In male individual, a cushion-like thumb 
pad (or nuptial pad) develops during breed¬ 
ing season at the basal part of index finger. 
These pads facilitate the male’s grip during 
amplexus. The hindlimbs are strongly 
built and are much longer than the fore¬ 
limbs. These two limbs are modified for 
jumping and swimming. Each hindlimb 
is composed of a proximal sector called 
femiir (thigh) which is followed by crus 
(shank). Distal to the shank lies the foot 
(pes). The foot consists of a long tarsal 
region and five elongated slender digits. 


The digits are united by webs which help 
in swimming. 

SKIN 

The skin of toad is kept moist and fre¬ 
quently slimy. Besides its protective func¬ 
tion, the skin of toad like that of other 
amphibians, serves as an additional res¬ 
piratory organ. During hibernation, toad 
respires entirely by the skin. 

The skin is composed of an outer epider¬ 
mis and an inner dermis (Fig. 6.3). These 
two layers are separated by a basement 
membrane and a fibrous layer containing 
the chromatophores. The epidermis is a com¬ 
pound structure and is made up of several 
layers. The outermost layer is called the 
stratum stratum germinativum 

rnrnrum ° 



stratum compactum 
stratum spongiosum 

Fig. 6.3. Diagrammatic sectional view of 
skin of Bufo. 

stratum corneum. It is a thin, scaly and corni- 
fied layer. This layer is dead and is shed 
periodically. This phenomenon of periodic 
renewal of the stratum corneum is called 
eedysis (or moulting ). In other amphi¬ 
bians the stratum corneum is thin and 
delicate, while in toad it is thicker and 
heavily cornificd. The innermost layer of 
the epidermis is composed of columnar 
cells with prominent nuclei. This layer is 
called the stratum germinativum (or Malpi¬ 
ghian layer) which sits on the basement 
membrane. Above the stratum germinati¬ 
vum, there are several layers of increasing¬ 
ly shorter cells finally grading into the 
flattened ones. These cells constitute the 
transitional layer. 

The dermis is thicker than the epidermis 
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^and is divisible into two layers. The outer 
layer housing most of the glands is called 
the stratum spongiosum . This is composed of 
loose network of connective tissue matrix 
with blood vessels and lymphatic spaces. 
The superficial part of this layer contains 
the pigment cells. The innermost layer is 
called the stratum compQctum which is com¬ 
posed of dense connective tissue, smooth 
muscle fibres, nerves and blood vessels. 
Beneath the stratum compactum lies a 
loose subcutaneous connective tissue layer 
containing fatty tissue also. 

The skin of toad is marked by the pre¬ 
sence of numerous bumps (or warts) all 
over the body. These warts may be cither 
due to underlying poison glands or sensory 
papillae. There are two types of skin glands 


ij toad. These are: (1) Mucous glands secre¬ 
ting the mucus and (2) Poison glands pro¬ 
ducing the poison. The mucous glands are 
smaller than the poison glands. The poison 
glands arc composed of granular secretory 
cells. The skin glands usually lie in the 
stratum spongiosum of the dermis, but the 
poison glands may be more deeply located. 
These glands are ensheathed by the con¬ 
nective and muscular tissues, which help 
in squeezing the secretory products. 

The colour of toad is due to the presence 
of pigment cells or chromatophorcs in the 
dermis. Some chromatophores also invade 
the epidermis. Depending on the types of 
contained pigment granules,ihe chromato¬ 
phores may be melawphores (containing 
black pigment), guano/thores (containing 
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Fig. 6.4. Showing the muscular and skeletal systems of Bufu. Tile left half of the’diagram indicates 
the disposition of the important skeletal muscles and the right half shows the skeletal framework. 
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colourless crystals of guanine) and UpopkoM 
(containing yellow pigment). The melano- 
phores are situated in the deepest layer, 
the guanophores are intermediate in 
position, the lipophores overlying both 
these pigment layers. The melanophores 
are responsible for the production of blac¬ 
kish colour and the lipophores cause yel¬ 
lowish effect. The guanine crystals in the 


caused by the nerves while the slower ^ 
change is under hormonal control. 

MUSCULAR SYSTEM 

The muscular system is composed of 
muscles which are used primarily for the 
movement of the body. There are three 
types of muscles: (1) Striated muscles, (2) 
Unstriated muscles and (3) Cardiac mus- 



Fig. 6.5, Schematic representation of the different reflex actions involved with the transition 
from swfratning to walking movement in Bufo (after Young). When a Bufo comes to land from water, first 
effective; cfintact is made by the left forelimb (A) which elicits a crossed protractor reflex to the right 
fordimh (LIm), a diagonal extensor response to the right hindlimb (LL a ) and a placing reflex to the 
left higdliinb (LL a ). The right forelimb then touches the ground and produces the responses RI^-* 
RL a as in B. After this contact the left forclimb produces retraction of the left hindlimb (LL V ) and protrac¬ 
tion of the right hindlimb (LI*) as in C. After that the right hindlimb produces cross flexor response 
(RH) as in D. I. First contact. II. Second contact. 1II-IV. Subsequent contacts. 


guanophores produce the diffraction effect. 
The colour change in toad is rather a slow 
process and is controlled by variation in the 
secretion of the pituitary gland. Absence of 
direct control of colour changes by the 
nerves in toad is a peculiar phenomenon. 
In fishes, instantaneous colour change is 


cles. The striated muscles can be contract¬ 
ed at will and are attached to the skeleton. 
These muscles form the main mass of the 
external musculature. There are about 
two hundred skeletal muscles in the body 
of toad and the important ones are shown 
in Fig. 6.4. The muscles possess the power 
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. of contraction and relaxation. All the mus¬ 
cles are mostly arranged in opposing groups 
in such a fashion that when one set con¬ 
tracts, the opposing set remains in a re- 
. laxed state. This co-ordination is controlled 
by the nervous system. 

LOCOMOTION 

In toad, the entire muscular and skeletal 
system has become specialised for jumping 
and swimming. The movements are caused 
by the thrust of both the hindlimbs. Be¬ 
sides jumping and swimming, toad is able 
to walk on land. This is caused by bringing 
into play a set of proprioceptor reflexes as 
shown in Fig. 6.5. 

In resting state, the anterior part of the 
body is inclined upwards and is supported 
by the iorelimbs. The posterior part of the 
body is supported on the hindlimbs. The 
hindlimbs are folded in the manner of 
st Z’\ From such a sitting or squating pos¬ 
ture, toad jumps by a sudden extension of 
the hindlimbs. The forelimbs manipulate 
and adjust the direction before each jump. 
Swimming is done by the activity of the 



framework. The endoskeleton is described 
under two broad heads: ( 1 ) the axial skele¬ 
ton and (2) the appendicular skeleton. 

AXIAL SKELETON 

The axial skeleton comprises of the skull 
and the vertebral column. 

Skull. The skull of toad is flat and broad. 
It contains a tubular cranium and is pierc¬ 
ed posteriorly by a large aperture called the 
foramen magnum. 'Through this aperture 
passes die spinal cord. On each side of 
this foramen there is an exoccipital bone 
which bears a convex occipital condyle . So 
there are two occipital condyles which fit 
into the two concavities of the first vertebra. 
The roof of the cranium is made up of two 
flat bones called the frontoparietals . Each 
frontoparietal is formed by the fusion of 
two bones, the frontal and parietal (Fig. 
6.6A). The floor is formed of a dragger¬ 
like parasphenoid. A ring-like sphenethmoid 
bone is present at the anterior end of the 
cranium. This bone is completely cover¬ 
ed by frontoparietals on the dorsal side. 
The nose is covered dorsally by a triangular 


limbs which act as the propellors. The hind¬ 
limbs are long and the digits are webbed. 
These limbs act like oars and enable the 
animal to swim. 

SKELETAL STRUCTURES 
There .is no exoskelcton in toad. The 
skeleton that supports the soft parts lies 
internally and is designated as the endo¬ 
skeleton. It is chiefly made up of bones and 
cartilages. These two structures are joined 
with one another to form the internal 


nasal bone and the floor is provided with the 
vomer (Fig. 6.6B). The cartilaginous optic cap¬ 
sules arc loosely attached with the cranium. 
The auditory capsules are situated in front of 
the exoccipitals. The floor of the auditory 
capsule is supported by the lateral exten¬ 
sion of the parasphenoid and the dorsal side 
is covered by prootic bone. *A small ham- 
mer-like squamosal connects the posterior 
part of the upper jaw with the otic capsule. 
Each half of the upper jaw is made up 
of small premaxilla , long slender maxilla 
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and quadratojugal. Behind the quadroto- 
jugal there is a very small Y-shaped sup¬ 
porting bone called the quadrate. The other 
two supporting bones are the pterygoid and 
the palatine . The palatine is rod-like and 
connects the maxilla with the sphenethmoid 
bone. The lower jaw is composed of two 
halves and are united anteriorly by liga¬ 
ment (Kg. 6.7A). Each half is developed 
from a Meckel's cartilage and consist s of three 
bones, the dentary , angulosplenial and menlo- 
rneckelian. The posterior part of the angulo¬ 
splenial articulates with the upper jaw. 
Both the upper and lower jaws arc tooth¬ 
less in toad. 


anterior cornu mento-meckelian 



Fig. 6.7. A. Structure of the lower jaw of Bujh. 
B. Hyoid apparatus of Bufo. 


Hyoid apparatus. The hyoid apparatus is 
essentially a cartilaginous body which sup¬ 
ports the floor of the buccal cavity (Fig. 
6.7B). It also forms the supporting frame¬ 
work for the attachment of the tongue. The 
body of the hyoid constitutes the main bulk 
of the apparatus. There are two pairs of 
prolongations (or horns) from the body of 
hyoid apparatus. The anterior pair is 
longer and extends up to the auditory 
capsules. These are called the anterior 
cornua. Similar pair on the posterior side is 
known as the posterior cornua which encloses 
the laryngotracheal chamber. 

Vertebral column. The vertebral column 
(Fig. 6.8A) is composed of nine; vertebrae 
and a terminal rod-like structure called 
the urostyle [oura - tail and style -- rod). 

Typical vertebra. A typical vertebra has a 
solid cylindrical part known as the centrum. 
The centrum is procuclous, i.c., the cen¬ 
trum is concave anteriorly and convex pos¬ 
teriorly (Figs. 6.8 C,, C 2 ). On the dorsal 
side, the centrum bears a ring like neural 
arch which encloses#the neural canal. The 
roof of the neural arch possesses a median 


elevation known as the neural spine . The 
lateral side the neural arch carries transverse y 
processes . The articulating processes are pre¬ 
sent on the neural arch. The anterior pro¬ 
cesses are known as the prezygapophyses and 
the posterior pair is called the postzygapo - 
physes. All the vertebrae excepting the first. 
and the last ones have typical structural 
construction. But in Frog the eighth ver¬ 
tebra is peculiar by having amphicoelous 
centrum. 

First Vertebra or Atlas . It articulates with 
the occipital condyles of the skull. It has 
a ring-like appearance (Fig. 6.8B). The 
transverse processes and the prezygapop¬ 
hyses are absent. Anteriorly it possesses 
two concave facets which fit with the pair¬ 
ed occipital condyles of the skull. The cen- 
Lrufri is greatly reduced. 

.Ninth Vertebra. This vertebra is peculiar 
by having two rounded condyles on the 
posterior side of the centrum for articula- . 
tion with the concavities of the urostyle. 
The transverse processes anc stout, fan- 
shaped and articulate with the pelvic 
girdle (Fig. 6.8 D l5 D 2 ). The postzygapo- 
physes are absent. In Frog the transverse 
processes are not fan-shaped but are cylin¬ 
drical. 

Urostyle. The urostyle is a long slender 
rod-like structure (Fig. 6.8 E 1? E a ) and is 
formed by the fusion of a number of vert e¬ 
brae. It has a pair of concave cavities for 
articulating with the paired posterior con¬ 
vexities of the ninth vertebra. It has a 
middorsal neural crest. A very narrow hole 
is present throughout the urostyle which 
represents the reduced neural canal.. 
Through this canal passes the Jilum termi¬ 
nate of the spinal cord. 

APPENDICULAR SKELETON 

The skeletal frame of the paired limbs 
and the girdles constitute the appendicular" 
skeleton (Fig. 6.9). 

Pectoral girdle. The pectoral girdle con¬ 
sists of two symmetrical halves. These 
halves arc united at the midventral line 
but are free dorsally (Fig. 6.9B). This girdle 
forms a bony framework foi encircling the* 
anterior part of the trunk. Each half of the 
pectoral girdle is made up of a broad dor- 
sally placed and partly cartilaginous plate¬ 
like structure known as suprastapula. Atta¬ 
ched to it, there is a strong bone called 
scapula. Two rod-like bones are connected 
with the scapula. The anterior one is called 
the clavicle , while the posterior one is known' 
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Fig. 6.8. Structure of vertebral column of Bufo. A. Ventral view of entire vertebral column. S. First 
vertebra. Dorsal view of a typical vertebra. C*. Ventral view of a typical vertebra. Ventral 
view of ninth vertebra. l) 2 . Dorsal view of ninth vertebra. Ej. Side view of urostylc. K*. Anterior end 
view of uroslylr. 


ns the coracoid. The clavicle encloses the 
prccoracoid cartilage which is hardly visible. 
The clavicle and the coracoid are joined 
with partly overlapping pieces, the epicora- 
coids. The space present between these 
three bones is designated as the coracoid 
frontanella. just at the junction of the cla¬ 
vicle, coracoid and scapula there is a cup- 
shaped glenoid cavity into which fits the head 
of the humerus. Projecting posteriorly from 
the united posterior end of the epicoracoid 
there lies a sternum which has a terminal 
flattened cartilaginous xiphisternum . 

Pelvic , girdle. The pelvic girdle is a V- 
shaped bony structure having a disc-like 
posterior end. The disc is formed by the 
union of three bony units on each side, the 
ilium , ischium and pubis (Fig. 6.9D). A cavi¬ 
ty known as acetabulum is present on each 
side of the disc. The head of the femur 


fits into this cavity. The ilia are elonga¬ 
ted curved rod-like structures which are 
attached with the transverse processes of 
ninth vertebra. Two pubes are represented 
by a triangular cartilage on the ventral side 
of the disc. 

Forelimbs. There are two forcliinbs and 
each fordimb is composed of several long 
bones arranged end to end (Fig. 6.9A). The 
first one is called the humerus whose middle 
region is slightly curved. The proximal 
end is termed as the head of the humerus 
which fits with the glenoid cavity of the 
pectoral girdle. The posterior end carries a 
pulley-like trochlea. A prominent crest call¬ 
ed the deltoid ridge is extended from the head 
to the middle regiorf of the humerus. The 
second sector is the radioulna formed by the 
fusion of two separate bones, radius and 
ulna. The anterior end of the radioulna is 
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concave and fits with the trochlea of the 
humerus. The proximal end is drawn out 
into an olecranon process . The other end is 
flattened to give attachment of six \carpal 
bones which are arranged in two rows. Four 
slender rod-like bones called metacarpals are 


structures and are slightly curvet! outward. 
Both the astragalus and calcaneum are 
joined with one another at both ends. The 
distal tarsals are composed of two or three 
small bones. The foot is constituted of five 
metatarsals . There are five digits having 



connected with the digits. There are four 
digits. The third and fourth digits have 
three phalanges and the first and second 
have two phalanges. 

Hindlimbs. The hindlimbs, like the fore¬ 
limbs, are also paired structures. Each is 
made up of series of long bones (Fig. 6.9C). 
The proximal one is the femur which is 
gently curved. The-anterior end of the 
femur is rounded to form the head of the 
femur and the posterior end is slightly 
flattened to form the condyle . The next part 
is known as the tibiofibula formed by the 
fusion of two bones, the tibia and fibula. Both 
the ends of the tibiafibula are expanded to 
give articulation with the condyle of the 
femur anteriorly and with the tarsal bones 
distally. The tarsal bones arc arranged in 
two rows. The proximal tarsals are the astra¬ 
galus and the calcaneum . Those are elongated 


variable number of phalanges. A bony 
projection made up usually of two small 
bony nodules is present on the outer side of 
the hallux. This structure is known as the 
prehallux (or calcar ). 

COELOM 

The coelom is a large and undivided 
cavity. The internal organs or viscera are 
lodged in the coelom. The coelom is lined 
by the coelomic epithelium called the peri¬ 
toneum. The peritoneum also encircles the 
alimentary canal and other organs. These 
visceral organs gxp suspended to the body 
wall by the fan-shaped folds called the 
mesenteries. The pericardial cavity housing 
the heart is a coelomic derivative which 
becomes cut off from the main coelom and 
exists as a separate cavi ty. 
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^DIGESTIVE SYSTEM 

■ The digestive system consists of alim¬ 
entary canal and the associated digestive 
glands . This system is primarily concerned 
with the process of nutr ition. The diges¬ 
tive glands secrete enzymes which help in 
digestion and the alimentary canal per¬ 
forms the rest of the functions. * 

The alimentary canal is a long tube 
which starts from the mouth and ends in 
the anus. This canal has a basic histological 
picture throughout its length and becomes 
regionally modified to perform * certain 
specific functions. 

The alimentary canal is made up of four 
layers. The outermost layer is thin and 
called the serous coat . Next to the serous coat 
lies the muscular layer which is composed 
of an outer longitudinal muscles and the inner 
circular muscles. The innermost layer lining 
the lumen is the mucous coat. The mucous 
layer is composed of epithelial cells and 
glands in certain regions. The region bet¬ 
ween the muscular coat and the mucous 
coat is filled up with connective tissue 
matrix with blood and lymphatic vessels. 
This layer i$ known as the submucous coat. 

The mouth is a wide aperture and is 
bounded'by upper and lower jaws. Both 
the jaws are toothless. The mouth leads 
into a spacious buccal cavity . The roof of the 
buccal cavity contains a pair of internal nos¬ 
trils , impressions of the eyeballs , a pair of 
eustachian apertures. The floor of the buccal 
cavity bears a large fleshy tongue. The 
tongue is very peculiar, because it is fixed 
anteriorly but free behind. The tongue is 
kept sticky by the secretion of intermaxil¬ 
lary glands. It can quickly be protruded to 
capture insects (Fig. 6.10). Below the ton¬ 
gue there is a longitudinal slit called the 



Fig. 6.10. Showing the mechanism'of catching an 
insect by the manipulation of tongue in Bufo. 


glottis which leads into the laryngotracheal 
chamber. There ape toucous glands in the 
buccal cavity which do not produce any 
enzyme. There is a system of cilia in the 
buccal cavity which possibly keep the 
oral fluids in circulation. The buccal cavity 
•narrows towards the pharynx which leaids 


into a wide tube known as the besoptk^is ^ 
or gullet. The oesophagus openp into die 
stomach . The stomach is a thickwalled spa¬ 
cious sac and is slightly curved (Fig. 6; 11 A) . 
The broad anterior part of the stomach is 
known as cardiac end and the other end is 
called pyloric end . The pyloric part of the 
stomach opens into intestine . This opening 
is guarded by circular sphincter muscle 
called the pyloric valve which regulates the 
exit of food from the stomach. The mucous 
coat of the stomach contains tubular gastric 
glands which secrete digestive juices and the 
unicellular parietal glands (or oxyntic celts) 
which secrete hydrochloric acid. In addi¬ 
tion to the longitudinal and circular mus¬ 
cle layers in the muscular coat, obtigtie 
muscles are also present in the stomach. The 
part of the intestine next to stomach is 
known as small intestine which is again 
divided into an anterior short duodenum and 
posteriorly into an ileum. The duodenum 
receives duct from liver and pancreas. The 
ileum is extensively coiled and is held in 
position with the body wall by mesentery , 
The mucous coat of the ileum gives off 
numerous finger-like elevations known as 
the villi which increase the inner surface 
areas. In addition, it contains intestinal 
glands which secrete intestinal juices. The 
portion of alimentary canal next to ileum 
is usually called the large intestine which is 
divided into the rectum and cloaca. The : 
cloaca is a common chamber where urine, 
gametes and faecal matters are tempora¬ 
rily stor ed. The cloaca opens to the exterior 
through the vent (or cloacal aperture). 

Besides the gastric and intestinal glands, 
the liver and the pancreas are the important 
digestive glands. The‘liver is the largest 
gland and consists of two main lobes, left 
and right lobes connected with one another 
by a bridge. The left lobe of the liver is the 
largest and is subdivided into two lobes. 
The secretory as, well as the excretory pro¬ 
ducts of the liver is called the bile. The pile 
comes out by hepatic ducts, and is stored in 
the gall biadder. The cystiPduct From the gall 
bladder and the hepatic duct from the liver 
unite to form the common bile duct. This 
common bile duct passes through pancreas 
and receives numerous minute pancreatic 
ducts , The common bile duct is usually called 
the hepatopancreatic duct which ultimately 
opens into duodenum to pour the hepatb* 
pancreatic juices into the duodenal cavity. 
Fig. 6.1 IB shows the relationship of the 
Jlver and pancreas with the duodenal part 
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of the intestine. The pancreas is an irre¬ 
gular and yellowish gland. It is a both exo¬ 
crine as well as endocrine gland. The exo¬ 
crine part secretes the pancreatic juice. The 
endocrine part, islets of Langerhans , pro¬ 
duces A hormone known as insulin . 


cannot be absorbed unless these are broken 
down into simpler forms. Digestion is 
caused by the digestive juices. These juices 
contain specific enzymes which act on a 
specific type of food by causing hydrolysis 
(i.e., chemically, addition of a molecule of 


upper jaw 


opening of mouth 


intestine 


rectum 


• ^ hepatic duct 

cystic duct r . 



Fig. 6.1 J. A. Digestive system of Buj'o. B. Showing the relationship of th lobes of the liver, pancreas 
and their respective ducts with the duodenum in Bufo. 


Physiology of digestion * 

Toad is a carnivorous animal which 
feeds on small animals, preferably the in¬ 
sects. The food consists primarily of the 
carbohydrates, proteins, fats, vitamins, 
mineral salts and Water. The vitamins, 
mineral salts and water are absorbed as 
such but the carbohydrates, proteins and 
fats are complex organic compounds which 


water with a molecule of the substance 
upon which enzymes act). Three groups of 
enzymes are present: (1) Amylolytic or dia- 
static enzymes , such as the amylase of the pan¬ 
creatic juice, (2) Lipolytic enzyme , the lipase 
of the pancreatic juice and (3) Proteolytic 
enzymes, viz. the pepsin of gastric juice, the 
trypsin of pancreatic juice, erepsin of the 
intestinal juice. Thoroughly mixed with 
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mucus ih the buccal cavity, the food comes respiration tlje oxygen diss^^ixibi water 
into the stomach. The parietal glands or used. T/ ; TT 

the oxyntic ceils in the mucous coat of 

stomach secrete the hydrochloric acid. In terrestrial mode of respiration 


the acidic medium, the pepsin acts on the 
proteins and converts them into peptones. 
After remaining for sometime in the sto¬ 
mach, the half digested acid chyme passes into 
the duodenum where it conics in contact 
with the bile. The bile being alkaline, neu¬ 
tralises the acid. The trypsin then converts 
the peptones into the soluble amino acids 
which are readily absorbable. The erepsin of 
the intestinal juices quickens the process 
of conversion. The lipase converts fats into 
the soluble j'aliy acids and glycerine. The 
amylase of pancreatic juice and the mal- 
tase of the intestinal juice convert starch 
into glucose. The soluble food is absorbed 
and assimilated into the body and the un- 
digestilde products are egesled as the faeces 
through vent. The surplus glucose is con¬ 
verted into glycogen and stored in liver and 
skeletal muscles. The fatty acids are trans¬ 
formed into fat and stored in the body as 
the, fat bodies. The amino acids are not 
stored, the excess being transformed into 
the urea and excreted through the urine. 

SPLEEN 

The spleen is a ductless glandular body 
of dark-red colour. It is spherical in shape 
and remains morphologically connected 
with t he mesentery near the junction of the 
ileum and the rectum. The spleen acts as a 
store house of blood and also destroys old 
and worn out erythrocytes. 

RESPIRATORY SYSTEM 

Respiration is essentially a physico¬ 
chemical process of taking in of oxygen and 
giving out; of carbon dioxide and water. 
During this process, the stored food within 
the cells becomes slowly oxidised. During 
the process.of oxidation energy is liberated 
in the form of calories which are necessary 
for the vital activities. The carbon dioxide 
and water vapour are given out during the 
process. 

MODES OF RESPIRATION 

Toad is truely an amphibious animal in 
strict sense. As a result, two modes of res¬ 
piration are observed. Terrestrial respira¬ 
tion involves the utilisation of oxygen pre¬ 
sent in atmospheric air and in aquatic 


Toad is capable to breathe ah % thev 
lungs and skin. * 

Pulmonary respiration, file buccal cavity y 
communicates into the laryngotracheal cham¬ 
ber (or voice-box) through a slit-like glottis. 
/The laryngotracheal chamber is a stout 
box-like structure with two elastic vocal 
cords stretching across the cavity (Fig. 
6.12A). The wall of the laryngotracheal 


laryngotracheal chamber 



Fig. 6.12. Respiratory system in Bufo. A. Laryn¬ 
gotracheal chamber is cut to show the vocal cord, 
li. Structure of the lungs. A portion of the lung is . 
disserted to show the alveoli. * 

chamber is supported by the arytenoid and 
cricoid cart ilages, Sound is produced by the 
vibration of the vocal cords which also 
control the intensity and pitch of the 
sound* v Fhe vocal sac in male helps to 
intensify the sound by acting as the reso¬ 
nator. The laryngotracheal chamber gives 
off two extremely short bronchi. Each bron¬ 
chus opens into a thin-walled spongy lung. 
Internally, the lungs have innumerable J 
simple sacs (Fig. 6.12B) known as the 
alveoli (or air-sacs). Each at veobis a-highly 
vascular structure and tjie alveolar^£pithe-J 
lia are Actually the, seats gf exchange of;| 
gases.* ' ./ V; 

PHYSICAL MECHANISM OF PULMONARY ■ 

respiration. The 3 physical mechanism of j 
pulmonary respiration involves three" 1 
successive stages, aspiration, expiration; 
and inspiration (Fig. 6.13). 
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Aspiration. During the process toad closes 
its mouth but the external nostrils are kept 


tongue 
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Fig. 6.13. Schematic representation of the phy¬ 
sical mechanism of respiration in B% r o. A. Aspira¬ 
tion which is followed by expiration. B. Inspiration. 


open. The floor of the buccal cavity is 
then lowered. As a result of lowering of 
the floor, partial vacuum is created and 
thus fresh atmospheric air is rushed into 
the buccal cavity. The glottis remains 
closed, so the air can not enter the Jungs. 

Expiration . Aspiration is quickly followed 
by expiration. The trunk muscles contract 
upon the lungs and cause the expulsion of 
air from the lungs to the buccal cavity 
through glottis. This expelled air is rich in 
carbon dioxide. As a result of inhaled and 
expelled air, the buccal cavity becomes 
highly distended. Mixture of these two 
types of air now goes out through open 
nostrils. 


cavity is always kept moist and is highly 
vascular. Through this membrane ex¬ 
change of gases occurs normally. 

Cutaneous respiration . As already stated, 
the skin of toad is moist and richly supplied 
with the blood vessels. It acts as an addi¬ 
tional respiratory organ. The cutaneous 
breathing is a continuous process and is 
very important specially during hiberna¬ 
tion. 

AQUATIC RESPIRATION 

The early phase of the life-cycle of toad 
is passed in water. The tadpoles are the 
larval forms which respire by means of 
external and internal gills in addition to the 
skin. The external gills are the epithelial 
extensions and contain blood capillaries. 
The gills can absorb oxygen dissolved in 
water and gives out carbon dioxide. 

Exchange of gases. The oxygen is conveyed 
to the different tissues by the blood. The 
oxygen combines with the haemoglobin to 
form an unstable compound oxyhaemoglo- 
bin. In this state, oxygen reaches the cells 
/and the oxyhaemoglobin on reaching the 
places releases the oxygen and regains its 
former state. This circle is repeated. The 
carbon dioxide is transported by the blood 
plasma in the form of bicarbonates and 
finally expelled through the respiratoiy 
surface. 

CIRCULATORY SYSTEM 

The circulatory system comprises of two 
systems: the blood vascular system and the 
lymphatic system. Circulatory system is the 
internal transport system by which nutri¬ 
tive materials, waste products and oxygen 
are conveyed to the different parts of the 
body. The circulatory system of toad is well- 
developed. This system is composed of three 
main components: blood, heart and blood 
vessels. 

0 

BLOOD 


Inspiration. Expiration is immediately fol¬ 
lowed by inspiration. The external nostrils 
arc then tightly closed and the floor of the 
buccal cavity is raised forcibly as a result 
of which mixed air from the buccal cavity 
is pushed into the lungs through glottis. 
The hyoid apparatus plays an important 
role in lowering and raising the floor of the 
buccal cavity. 

Buccopharyngeal respiration. The mucous 
membrane lining the buccopharyngeal 


The blood is the main circulatory fluid. 
It consists of .a straw-coloured blood 
plasma and different blood corpuscles suspend¬ 
ed in the plasma. The- plasma is a watery 
liquid and contains many mineral salts, 
food, wastes and hormones. The corpus¬ 
cles are of three types. These are: (1) Red 
blood cells (R.B.C. or erythrocytes ), (2) 
White blood cells (W.B.C. or leucocytes) and 
(3) Thrombocytes (ovbloodplate Z^.^heery¬ 
throcytes are oval, biconvex and nucleated 
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cells ranging from 15 to 20 micra in size. 
They contain the red coloured iron-con¬ 
taining protein, the haemoglobin. The hae¬ 
moglobin has a lower affinity for oxygen 
than that of higher forms, specially the 
mammals. The leucocytes are colourless, 
nucleated and amoeboid cells. They are 
phagocytes and destroy bacteria and thus 
protect the animal from the invading 
microbes. The thrombocytes or blood 
plate lets are small spindle-shaped nucleat¬ 
ed cells and play an important role in the 
process of coagulation of blood. When 
there is shedding of blood, plate lets release 
a particular type of enzyme which helps in 
coagulation. 

HE \RT 

The heart is the central pumping organ 
in the circulatory system (Fig. 6.14). In 
toad, it is a pear-shaped muscular structure 
situated in the anterior part of the body 
cavity. It remains enclosed by a transparent 
protective membrane called the pericardium. 
The space between heart and the peri¬ 
cardium is called the pericardial cavity. 
The heart of load is composed of the fol¬ 
lowing parts: (1) Receiving parts. Two auri¬ 
cles and a sinus venosus are the receiving 
parts of the heart. (2) Forwarding parts. The 
ventricle and the conus arteriosus are the 
forwarding parts of the heart. (3) Inter¬ 
communicating appertains and valves between 


the different parts of the heart. The attn* 
cles are two in number and are of unequal i; 
size. Both the auricles are sharpedly msufc 
ed off from the ventricles by a narrow 
constriction called the coronary sulcus . The 
left auricle is smaller than the right auricle; 

T he two auricles are completely separated 
by inter auricular septum . The sinus venosus is a 
triangular thin-walled chamber formed by 
the union of three major veins, two precavals 
and one postcaval (Fig. 6.14A). I t is situated 
on the dorsal side of the right auricle. 

It communicates with the right auricle 
through a sinuauricular aperture which is 
guarded by sinuauricular valves. Deoxygenat- 
ed blood, collected in the sinus venosus from 
the precaval and postcaval veins, enters 
into the right auricle but the backflow is 
prevented by the sinuauricular valves. The ■ 
left 'auricle receives oxygenated blood 
through a small opening of the common pul¬ 
monary vein. This aperture is also guarded 
by valves. T he right and left auricles com¬ 
municate to the ventricle by a common 
auriculoventricular aperture. This aperture is 
guarded by membranous valves known as 
the auriculoventricular valves. The free ends of 
the valves ag*e attached with the wall of 
the ventricle by fine thread like chordae 
tendineae. The auriculoventricular valves 
give one-way traffic of blood from the auri¬ 
cles to ventricle. The ventricle is a highly 
muscular chamber. It is more or less coni¬ 
cal in shape. Its cavity is greatly reduced 
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Fig. 6.14. Structure of heart of Bufo. A. Dorsal view. B. Ventral view. G. Diagrammatic longitudi¬ 
nal sectional view, V 
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by a large number of interlacing muscles 
called the columnae carnae. The conus arterio¬ 
sus is a stout tubular body situated on the 
ventral side of the heart (Fig. 6.14B). Jt is 
continued anteriorly into the trunkus arte¬ 
riosus , The trunkus arteriosus is not to be 
considered as the part of heart, but as the 
basal stem .of the three main arteries. It 
remains uncovered by the pericardium. A 
set of pocket-like semilunar valves demar- 
kates the trunkus from the conus. A similar 
set of three semilunar valves guard the 
opening between the conus and the ven¬ 
tricle. These- valves prevent backflow of 
blood from conus to the ventricle. A twist¬ 
ed longitudinal spiral valve divides the 
cavity of the conus into two channels. The 
left channel is designated the cavum pulmo- 
cutaneurn and the right one is the cavum 
aorticum (Fig. 6.14C). The oxygenated 
blood passes through the cavum pulmo- 
cutaneum by the manipulation of the 
spiral valve. 

MECHANISM OF CIRCULATION THROUGH 
THE HEART 

Periodic* contraction (systole) and re¬ 
laxation (diastole) is ail innate property 
of heart. During diastole, the sinus 
venosus drains the deoxygenated blood 
from the two precaval and one postcaval 
veins. The left auricle is also simulta¬ 
neously filled up with the oxygenated blood 
from lungs carried through the common 
pulmonary vein. Just with the onset of 
systole, the sinus venosus contracts and the 
deoxygenated blood ; s rushed into the 
right auricle through sinuaiu icular aper¬ 
ture. So both the auricles arc now filled 
up with blood, the left one is filled with the 
. oxygenated blood and the right auricle is 
'filled with the deoxygenated blood. After 
the auricles being filled up with the blood 
the auricular systole starts. Two auricles 
contract simultaneously and drive the con¬ 
tents into the ventricle through auriculo- 
ventricular aperture. Consequently two 
types of blood enter into the cavity of the 
ventricle where admixture of two types of 
blood takes place., Due to the spongy 
nature of the ventricular cavity, a major 
quantity of the deoxygenated blood is pre¬ 
sent in the right side, the left side contains 
mostly the oxygenated blood while the 
middle part contains mixed type of blood. 
But the experiments of Foxon (1955) by 
injecting X-ray opaefue materials have 
shown that no separation of the oxygenated 


and deoxygenated blood actually occurs in 
the ventricular cavity. As the skin sub¬ 
serves respiratory function, the right auri¬ 
cle also receives oxygenated blood. The 
spongy ventricular walls presumably help 
in metabolic exchanges and have nothing 
to do in the separation of the types of blood. 
Next the ventricle starts contraction. The 
backflow of blood into the auricles is pre¬ 
vented by the auriculoventricular valves. 
The blood from the ventricular cavity 
finds the way through the conus. As the 
conus arises from right side, a large quan¬ 
tity of deoxygenated blood from the ven¬ 
tricle enters first. This blood is now con¬ 
veyed through the cavum pulmocutaneurn 
by the spiral valve. From the cavum pul- 
mocutaneum blood goes to pulmocula- 
lieous arteries for oxygenation. The deoxy¬ 
genated blood is aerated in lungs and 
brought back to left auricle through com¬ 
mon pulmonary vein and thus complete 
the ‘pulmonary circuit \ With the enhance¬ 
ment of contraction force of the ventricle, 
the mixed blood from the middle region of 
the ventricle is pushed into the systemic 
arches through the cavum aorticum. Last¬ 
ly, the pressure exerted by the carotid laby¬ 
rinth is overcome and mostly the oxygenat¬ 
ed blood from the left side of the ventricle 
is forcefully pumped into the carotid ar¬ 
ches. It is to be noted that the spiral valve 
directs the entry of blood into different 
arches. 


BLOOD VESSELS 

The arteries and veins are the blood vessels 
through which the blood circulates. These 
vessels are different in structure and func¬ 
tion. The arteries take the blood away 
from the heart to different parts of the body 
and the veins return the same towards the 
heart. The arteries supply blood to the 
different parts and break up into finner 
branches, the arterioles which finally end 
into a network of capillaries. These capilla¬ 
ries again reunite to form small venules. The 
venules unite to form the veins. Histologi¬ 
cal \y } a typical blopd vesgel is composed of 
three distinct layers. The outermost cover¬ 
ing is made up of fibrous connective tissue 
known as the tunica adventitia . The middle 
layer is composed largely of involuntary 
muscles called the tunica media . The inner¬ 
most layer is made up of endothelium 
and elastic fibres and is called the 
tunica interna. The differences between ihe 
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■ arteries, veins and capillaries are given in close to the systemic arch and is being 
Table Chordata~8. tied with it by fibrous carotid ligament. 

Table—Chordata 8 


Structures 

Arteries 

Veins 

Capillaries 

1. Tunica adventitia 

Moderately developed. 

Thicker. 

Absent. * 

2. Tunica media 

Thick and well- 
developed. 

Thinner. 

Absent. 

3. Tunica interna 

Elastic: fibres are pre¬ 
sent. 

Elastic fibres are ab¬ 
sent. 

This layer is only pre¬ 
sent and is composed 
of endothelium. The 

J elastic fibres are ab- 
j sent. 

4. Elasticity 

Highly elastic. 

| Non-elastic. 

Non-elastic. 

Lumen 

Proportionately smaller 
in diameter. 

j Larger in diameter. 

; Small. 


ARTERIAL SYSTEM 

The arteries and their branches consti¬ 
tute the arterial system (Fig. 6.15). The 
trunk us arteriosus divides into two main 
branches, each of which again splits up into 
three arches, (1) the anterior carotid arch , 
(2) the middle systemic arch and (3) the 
postcriormost pulmocutaneous arch. 

Embryonic arrangement of the arterial arches. 
In the embryonic state, there are six pairs 
of arterial arches. Of these paired arches, 
the First and second pairs disappear in adult. 
The third pair is converted into the caro¬ 
tid arches. The fourth pair is transformed 
into the systemic arches. The fifth pair 
disappears and the sixth pair is present as 
the pulmocutaneous arches in adult. 

Carotid arches . T here are two carotid ar- 
archcs in toad. Each carotid arch proceeds 
forward and outward. It soon divides into 
an outer branch called the internal carotid 
artery supplying blood to the brain, the 
meninges and into an inner branch called 
the external carotid artery which supplies 
blood to the outer side of the head, tongue 
and the buccal cavity. Just at the point of 
bifurcation, there is a small swelling known 
as carotid labyrinth (or carotid gland). The 
inner cavity of the carotid labyrinth con¬ 
tains a network of small vessels and forms 
a spongy structure. Though this structure 
is a receptor, it is physiologically connected 
widi the regulation of the blood pressure. 
The internal carotid artery, after its origin, 
takes a backward course and comes very 


Systemic arches. 'There are (wo systemic 
arches in toad. Each systemic arch takes 
the median position and sweeps outward 
to surround the oesophagus. 11 then comes 
to the dorsal side and joins withfits fellow 
of the opposite end to form the dorsal aorta . 
The following branches arise from ^ach 
systemic arch: (1) A laryngeal artery wMejh, 
is very short and supplies the laryngo¬ 
tracheal chamber. (2) An ocdpitoverlebral 
artery which gives branches to the pharynx, 
back of the head, vertebral column and 
spinal cord. (3) A stout subclavian artery 
supplies blood to the shoulder and fore- 
limb. All these branches exhibit bilateral 
symrnetiybut the left systemic arch gives off 
an additional branch called the oesophageal 
artery which supplies blood to the oesopha¬ 
gus. This branch is not present in the right 
side. 'Fhe dorsal aorta occupies the mid¬ 
dorsal position and is situated ventral to 
the vertebral column and ends posteriorly 
into two iliac arteries. The dorsal aorta gives 
oil the following branches anteropos- 
tcriorly: (1) A stout coeliacoir\esenteric artery 1 
which emerges out just from the origin of 
the dorsal aorta. The artery immediately 
breaks up into a coeliac# branch to supply 
blood to stomach, liver, gall-bladder and 
pancreas and a mesenteric artery supplying 
blood to the mesenteries, intestine, cloaca 
and spleen. (2) Four 'or five pairs of renal 
arteries supply the kidneys. From the an¬ 
terior renal arteries, there arise additional 
branches for the gonads. These small 
branches are called the genital arteries , 
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Fig. 6.15. Arterial system of ISufc. 


(3) The iliac arteries are the last branches of 
the dorsal ao^ta. From each iliac artery an 
epigastricovesicalis artery is given off to supply 
the urinary bladder and the ventral body 
wall. The iliac artery then enters into the 
hindlimb and divides into Jemoral and sciatic 
arteries. 

Pulmocutaneous arches . These are the shor¬ 
test and the hindermost arches which carry 
deoxygenated blood to the lungs arid 
skin. Each main arch enters into lung as 
pulmonary artery and a very slender branch 
from it goes to the skin as cutaneous artery. 

VENOUS SYSTEM 

The veins and their branches constitute 
the venous system (Fig. 6,16). The venous 
system of toad can be described under three 
headings: (1) systenjic, (2) portal and (3) 
pulmonary. 


Systemic veins. Three large veins or venae 
cavae which open into the sinus venosus re¬ 
present the systemic veins. The systemic 
veins carry deoxygenated blood from al¬ 
most all parts of the body excepting 
lungs. The anterior two venae cavae arc 
known as the left and right precavals and the 
single posterior one is called postcaval . 
Each precaval vein is formed by the union 
of three branches. These are: 

(i) External jugular vein , (ii) Innominate 
vein and (iii) Subclavian vein . The external 
jugular vein, is' formed by two veins, a 
lingual carrying blood from the tongue, and 
a faciomandibular from the snout and jaws. 
The innominate' vein is also formed by 
the union of two veins, an internal jugular 
bringing blood from the head and a 
subscapular from the back of shoulder. The 
subclavian vein is similarly formed by two 





veins a bftckd vein bringing blood from the 
forelimb and a nwsculocutanem vek from 
the muscles and skin. As the skiti acts as an 
accessory respiratory organ, the musfculo- 
cutaneous vein brings the oxygenated 
blood. The post caval vein is formed by 


part of^he body unite to form two itStal 
portal veins which in turn break up iftto 
capillaries in the kidneys on their way to 
heart. A 

Hepatic portal eydem. This system compii* 
ses of hepatic portal vein and the atUmar aide* 
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Fig 6 16 Venous system of Rufo 


four or five pairs of renal veins which receive 
blood from the kidneys Blood from repro¬ 
ductive organs is also poured into renal 
veins by the qemtal veins The post caval 
vem then ascends to enter into the sinus 
venosus. 

Portal veins . A portal vein has its origin 
in capillaries and it ends in capillaries 
The blood from ther portal vein returns to 
heart through an intermediate organ The 
hepatic and renal portal systems are the two 
portal Systems in toad. The capillaries frorn 
the gpt unite to form a hepatic portal vein, 
, which again breaks up into capillaries in 
liver, The capillaries from the posterior 


minal vein Hepatic portal vein carries blood 
hom stomach, intestine, pancreas and 
spleen The mam vessel receives the anterior 
abdominal vem under the liver and enters 
into the substance of the liver. The an* 
terior abdominal vein is formed by. the 
union of two pelvic veins in the midventral 
bne. The pelvic vein arises as an ojfehoot 
of the femoral vein . On its anterior, the 
abdominal vein receives ttto&ll branches 
from the urinary bladder and the ventral 
body wall. »• • 

Rend ported system . The blood from the 
hindlunbs is carried by tht femoral and 
sciatic wins. Each femoral vein divides into 
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two branches, a pelvic and the renal portal 
vein. The renal portal vein proceeds by 
the side of the corresponding kidney and 
enters into it to break up into the capilla¬ 
ries. Each renal portal vein receives two or 
three dorsolumbar veins carrying blood from 
the body wall. 

LYMPHATIC SYSTEM 

While circulating through the body, the 
blood does not come directly into the cells. 
During the transit of blood through capil¬ 
laries, plasma exudes from the capillary 
wail into the intercellular spaces as the 
lymph. It is a colourless fluid with few 
leucocytes. The lymph from the intercellu¬ 
lar spaces is collected by lymphatic vessels 
which in turn lead into lymjfh M ^s. Some 
of the lymph vessels bccorw^pn tractile 
and are known as the lympWUkts which 
pump back the lymph into iflKvcins. A 
pair of lymph-hearts opening femoral 
vein is present near the urOstyle and an¬ 
other pair is situated below the scapulae 
which open into subscapular veins. 

NERVOUS SYSTEM 

The nervous system of load comprises of 
(1) the central nervous system, (2) the peripheral 
nervous system and (3) the autonomous nervous 
system . The nervous system controls and co¬ 
ordinates the various activities of the body. 

CENTRAL NERVOUS SYSTEM 

The central nervous system includes the 
brain and the spinal cord. It is essen¬ 
tially a hollow tube whose anterior portion 
becomes the brain and the posterior part 
narrows down to form the spinal cord. 
The cavity of the brain and the spinal cord 
is filled up with the cerebrospinal fluid. The 
brain and the spinal cord are made up of 
nerve cells {neurones) and nerve fibres. 
A collection of the extended processes of 
the neurones enclosed*by a connective 
tissue sheath constitute the nerves. 

Structure of a neurone. A neurone has a 
very large cell-body with a number of 
processes. The nucleus is very conspicuous 
and the cytoplasm contains numerous deep¬ 
ly stainable granules called the MssVs 
granules. The processes are mostly branched, 
short and are called dendrites. One of the 
cell-processes is long and unbranched. 
It is known .as axon which forms the axis 
cylinder of the nervd fibre. The solid part 
of the central nervous system is composed 
of gray matter and white matter. The aggre¬ 
gation of nerve cells*" with their nuclei 


give* a grayish appearance and i^ recog¬ 
nised as the gray matter, while the collect 
tion of nerve fibres giving a white colour 
is known as the white matter! The rela¬ 
tive arrangemen t of gray matter and white 
matter differs in different regions. In brain, 
the gray matter is situated on the outer 
side and the white matter lies towards the 
lumen. But the arrangement is just reverse 
in the spinal cord, i.e., the gray matter is 
situated on the inner side and the white 
matter on the outer side. The whole of the 
central nervous system is enclosed by two 
protective coverings or meninges. The outer 
one is the duramater which is thicker and 
fibrous in nature. The inner one is thin, 
highly vascular and called the piamaler. 

Development of the Central Nervous System. 
The nervous system develops from the 
embryonic ectoderm. Along the middorsal 
line of .the whole length of the body above 
the notochord, the ectoderm forms a thick¬ 
ened neural plat&. The sides of the neural 
plate rise up as lateral folds to form a neural 
groove . As development goes on, the edges 
of the groove fuse along the middorsal line 
and is converted into a neural tube. 
The anterior part is transformed into the 
brain and the posterior part forms the 
spinal cord, 'the brain was primarily a 
tube like structure, which due to unequal 
growth, torsions and bending transforms 
into a most complicated adult structure. 

BRAIN 

The brain is.located inside the cranium. 
11 is primarily differentiated into three parts 
by the development of two primary constric¬ 
tions: the forebrain (or prosencephalon ), the 
midbrain (or mesencephalon) and the hindbrain 
(or rhombencephalon). The prosencephalon 
constitutes the anteriormost part of the 
brain and becomes further subdivided intc 
an anterior telencephalon and a posterior 
diencephalon (or thalamencephalon) . The 
telencephalon gives off a pair of small ol¬ 
factory lobes. These lobes are responsible 
for the sense of smell. The rest of the telen¬ 
cephalon comprises pf two elongated ovoic 
lobes (Fig. 6.17A) called the cerebrum (or 
cerebral hemispheres). The roof of the 
cerebrum is very thin and the floor is very 
thick and called corpus striatum . The corpora 
striata are connected together by ar 
anterior commissure. Above this commissure, 
there is an ill-developed pallial commis¬ 
sure . The cerebrum is the seat of cons¬ 
ciousness, intelligence and it regulate: 



voluntary^ surface of thc ccre- 

v; feralhemispheres h The dience- 

phalon is a very depressed part behind the 
cerebrum. It gpes offdorsally a small pro¬ 
jection, the Epiphysis. Attached to, the epi¬ 
physis, there is a small pineal body of un¬ 
known function. In front of the epiphysis 
there is a vascular membrane projecting 
into the lateral ventricle through the fora¬ 
men of Monro. This projection is known as 
the anterior choroid plexus. The ventral side 
of the diencephalon bears an X-shaped 
optic chiasma. The optic chiasma is formed 
by the optic nerves (Fig. 6.17B). Just a 


side which connect the forebiain ^ 
hindbrain. These aie' designated;^iih«S; 
crura cerebri, The rhombeiicephaloh isjlhe ? 
posterior-most sector of the bra 
becomes divided into metencephalon andS 
myelencephalon. The metencephalda v # 

represented by a thin transverse baitd4tke^ 
cerebellum. The floor and the;$ides Of the j 
myelencephalon become very thick to forj(*i 
the medulla oblongata. The cerebellum ep- 
ordinates the movement of the body. '1'he 
medulla oblongata controls and regulates 
some of the vital processes, viz. the regular; 
tion of heart beat, metabolism and 
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Fig. 6.17. Brain of Byjo. A. Dorsal view. B. Ventral view. C, Diagrammatic longitudinal 
sectional view. 


little behind the optic chiasma hangs a 
projection, the hypophysis (or infundibu¬ 
lum). The pituitary gland is attached to 
the tip of the infuhdibuium. The lateral 
sides of the dicncephalon become thick to 
form thfc optic thalami . The midbrain re¬ 
mains undivided and grows out dorsally 
a,s a pair of hollow ovoid bodies known as 
corpora bigemina (or optic lobes). Two longi¬ 
tudinal bands are present on the ventral 


ration. The roof of the myelencephalon is 
formed by a thin vascular membrane called 
the posterior choroid plexus. 

Cavities in brain. The brain is not a solid 
structure but contains well-formed internal 
cavities called ventricles. ,The cavities in 
the cerebral hemispheres constitute the 
lateral ventricles (or the first and the second 
ventricles). The cavity in the dienccphalon 
constitutes the third ventricle and that of 
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medulla oblongata is the fourth ventricle. 
The lateral ventricles remain in communi¬ 
cation with the third ventricle by a small 
opening called the foramen of Monro. The 
third ventricle communicates with the 
fourth ventricle by a narrow passage (Fig. 
6.17C) called the aqueduct of Sylvius (or iter). 
The fourth ventricle leads into the cavity 
of the spinal cord. The cavity in the optic 
lobes is known as optocoel and that in the 
olfactory lobes as the rhinocoel. 

SPINAL GORD 

The spinal cord is a hollow tube. It ex¬ 
tends posteriorly from the medulla oblon¬ 
gata and remains encased within the neu¬ 
ral canal of the vertebral column. It ex¬ 
tends even within the urostyle as a slender 
filament, the Jilum terminale. The spinal 
cord has a middorsal groove called 
dorsal fissure and a similar ventral fissure is 
present on the midveritral line (See Fig. 
6.20). The cavity of the spinal cord is 
known as neurocoel which is also continuous 
with the ventricles of the brain. 

PERIPHERAL NERVOUS SYSTEM 

The peripheral nervous system comprises 


of the cranial and the spinal ndrves Arising 
from the cerebrospinal axis. A nerve is 
a bundle of nerve fibres, but in some cases, 
an aggregation of nerve cells causes swell¬ 
ing in the nerve. This swelling is called 
ganglion. The nerve fibres are of two types: 
(1) Afferent or Sensory fibres. These fibres con¬ 
vey the information from the receptor or¬ 
gans to the central nervous system and (2) 
Efferent or Motor fibres . These fibres carry 
impulses from the central nervous system 
to the effector organs. When the nerves arc 
exclusively made up of sensory nerve 
fibres, these are called sensory nerves 
and those composed only of motor nerve 
fibres are known as motor nerves. 
Mixed nerves are also present which are 
composed of sensory as well as motor nerve 
fibres. 


CRANIAL NERVES 

Ten pairs of nerves originate from ihc 
brain. These paired nerves are designated 
as cranial nerves. Table Chordata-9 will 
give an idea about the origin and distri¬ 
bution of the cranial nerves in toad. 


Table chordata-9 


Serial 

Number 

Name 

Nature 

Origin 

Distribution 

I. 

Olfactory nerve. 

Sensory. 

Olfactory lobes. 

Gives branches to the mucous 
membrane of the nose. 

II. 

Optic nerve. 

Sensory. 

Optic lobes. 

Gives nerves to the retinal 
layer of the eye. Two optic 
nerves cross each other and 
form X-shaped optic chi- 
asma. 

III. 

^Pculomotor nerve. 

Motor. 

The ventral side of the 
mesencephalon. 

Supplies nerves to the extrin¬ 
sic muscles of the eyes. 

IV. 

Trochlear or Pathetic 
nerve. 

Motor. 

The dorsal surface of 
mesencephalon behind 
the optic lobes. 

Innervates the superior oblique 
muscle of the eye ball. 

V. 

^Trigeminal nerve. 

Mixed. 

The lateral side of the 
medulla oblongata. 

After its origin, it gives off a 
gasserian (or prootic ) ganglion. 
It then comes out of die skull 


■' 



and becomes divided into 
three branches (Fig. 6.1ft): 

(i) Ophthalmic branch sends 
sensory nerve fibres to the 

J upper eyelid, anterior 
part of head and mucous 
membrane of the nose. 

(it) Maxillary branch gives sen¬ 
sory nerve fibres to the 
upper lip, mucous mem¬ 
brane of the upper jaw 
and the lower eyelid. 
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(tit) Mandibular branch fa a 
mixed type of nerve,be¬ 
cause it sends motor nerve 
fibres to the floor of: the 
buccal cavity and sensory 
fibres to the skin of the 
buccal cavity. 

VI. 

Abducens nei*ve. 

Motor. 

The ventral side of the 
medulla oblongata. 

• 

It supplies the external rectus 
muscle of the eye. 

VII. 

j 

i 

^Facial nerve. 

Mixed, j 

! 

The medulla oblongata 
just behind the fifth 
cranial nerve. 

It runs into the gasserian gang¬ 
lion and leaves the cranium 
as a separate nerve along 
with the trigeminal and divi¬ 
des into (Fig. 6.18) : 

(i) Palatine branch which 
gives nerves to the roof of 
mouth. 

(w) Ifyomandibular branch 

which receives a branch 
from the glossopharyn¬ 
geal and supplies nerve to 
tympanum, mandibular 
joint and the floor of the 
buccal cavity. 

VIII. 

Auditory nerve. 

Sensory. 

Lateral side of the me¬ 
dulla oblongata. 

. .. 

• 

It gives nerve to the internal 
ear, 

IX. 

1 

Glossopharyngeal 
' nerve. 

Mixed. 

! 

The lateral side of the 
medulla oblongata. 

j 

Immediately after origin il 
runs into the vagus ganglion 
and is separated from it as 
an independent nerve. It ii 
also joined with the hyo- 
mandibular branch of the 
facial nerve. It innervates 
the floor of the buccal cavity 
and tongue. 

X. 

' / 

^ Vagus or Pneumogas- 
tric nerve. 

Mixed. 

The medulla oblongata 
by many roots. 

After its origin, the vagus ncrvi 
bears a vagus ganglion , It ther 
comes out of the craniun 
through an aperture in th< 
exoccipital bone. 11 gives of 
four main branches (Fig 
6.19): 

(i) laryngeal nerve to the laryn 
gotracheal chamber, 

(») Cardiac nerve to the hear! 
(Hi) Pulmonary nerve to the lun 
and 

( iv ) Gastric nerve to the alimen 
tary canal. 

Of all the cranial nerves, th 
vagus nerve is the most vite 
one, because it controls lieai 
beat, peristalsis of the diges 
tive tract and the respirator 
movements. 

■% 








‘BIOLOGY OF ANIMALS 


214 



Fig. 6.10. Showing the origin and distribution of Fig. 6.19. Showing the origin and distribution of 
the fifth and seventh cranial nerves in Bufo. the ninth and tenth cranial nerves in Bufo. 


ture. Each spinal nerve has a dorsal senhry 
root and a ventral motor root. The dorsal root 
possesses a ganglion near its or^in. The 
dorsal and ventral roots unite and form a 
common trunk which comes out through 
intervertebral foramen and gives off three 
branches (Fig. 6.20); (1) a large ventral 
branch which innervates the skin and mus¬ 
cles on the ventral .surface of the body, 

(2) a small dorsal branch which supplies the 
skin and muscles on the dorsal side of the 
body and (3) a very small ramus communi- 
cans which joins with the nearest sympa¬ 
thetic ganglion. The first spinal nerve is 
known as hypoglossal. It supplies the mus¬ 
cles of the tongue. The second and third 
spinal nerves form the brachial plexus. The - 
fourth, fifth and sixth spinal nerves supply 
the integument and the muscles of the 
trunk region. The rest of the spinal nerves 
form the sciatic plexus which gives origin to * 
the large sciatic nerve to supply the hind- 
limb^ The last spinal nerve is insignificant. 


SPINAL NERVES 


There aire ten pairs of spinal nerves in 
toad. All the spinal nerves are of mixed na- 
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Fig. 6.20. Showing the origin^ of the spinal nerves 
from the spinal cord and their relation with syrripa- 
. thetic nervous system in Bufo. 




AUTONOlWiq NERVOUS SYSTEM . ' ^ 

The autonomic nervous system consists 
of two sympathetic trunks one on either side 
of the dorsal ao?ta,. The sympathetic trunks 
start near the point of formation of iliac 
arteries and each trunk contains ten small 
ganglia connecting with the corresponding 
spinal nerve by ramus comm uni cans. An¬ 
teriorly, the sympathetic trunk divides to 
encircle the subclavian artery. It then 
enters into the cranium, connected by a 
twig with the vagus ganglion and termi¬ 
nates after connecting with the gasserian 
ganglion. The sympathetic trunks give out 
branches to innervate the cardiac muscles, 
blood vessels and alimentary canal. These 
branches may sometimes unite to form 
ganglionated plexuses, such as the cardiac 
plexus and solar plexus. The autonomic ner¬ 
vous, system regulates the involuntary acti¬ 
vities of the body like heart beats and 
peristalsis of the alimentary canal. It is an 
autonomic nervous system in the sense 
that its activities are somewhat indepen¬ 
dent: of the central nervous system. 

SENSE ORGANS 

The sense organs are the receptors for 
external stimuli. These are the avenues 
through which the central nervous system 
is kept informed of the outside world. Each 
receptor organ can respond to a particular 
type of stimulus and produces its own spe¬ 
cific sensation. Receptors for cold, heat, 
pain and touch are present beneath the 
epidermis of the skin. These are micros¬ 
copic in., structure and are usually re¬ 
garded as cutaneous receptors. 

Receptors for smell. These receptors are 
scattered in the nasal passage. The mucous 
membrane lining the nasal passage con¬ 
tains peculiar olfactory cells and slender 
supporting cells. The olfactory cells are 
connected with nerve fibres from the ol¬ 
factory nerve and are the actual receptors 
of smell. 

Receptors for taste . The taste buds present 
in the tongue and mouth cavity are the 
receptors for the taste. Each taste bud is 
made up of two types of cells, the taste cells 
and the supporting cells. The taste cells are 
connected with the rierve fibres from the 
glossopharyngeal nerve. Taste buds are 
located in the tongue in association with 
minute elevations called th t papillae. 

Receptors for vision . The eyes are the two 
very compact photosensitive organs. These 


organs are lodged in the orbits.'- 
has a spherical body and is usually called 
the eye-ball. The eye-ball can bfc fptSted ; t 
inside the orbit within its limit 4 ' 
extrinsic muscles. These muscles 
Superior rectus, (2) inferior rectus, (3 ) external 
rectus , (4) internal rectus, (5) superior bbitque 
and (6) inferior oblique. The eye can be^i^H- 
truded by the levator bulbi and din be ’'tyitn- 
drawn by the retractor bulbi to a certain 
limit. The eye-ball is composed of three- 
layers arranged in a regular sequence 
(Fig. 6.21 A). These are: (a) Sclerotic layer . 
This is the outermost layer of the eye-ball. 
It is very tough and thick. It consists of 
two parts: An anterior transparent circular 
portion called the cornea and an opacjuc 
posterior portion called the white*of the 
eye-ball. The cornea permits the entry 
of light rays inside the eye. The outer sur¬ 
face of the cornea is covered by a thin 
transparent membrane called the conjunc¬ 
tiva. The sclera is composed of cartilage 
and fibrous tissue and gives protection to 
the delicate parts of the eye. (b) Uvea or* 
the middle layer. This layer is divided into 
three parts: (a) the choroid , (b) jris 'and (c) 
suspensory ligament. The choroid part is a 
highly vascular pigmented layer. At the ^ 
anterior end and just behind the cornea, " 
the choroid is modified to form a circular 
pigmented disc called the iris. The iris 
contains an aperture at the centre which 
is known as the pupil. The iris acts as a- 
diaphragm and contains circular and radial 
muscle fibres which help the pupil to conv 
tract or dilate. Excepting the pupil, the 
eye-ball is totally light-proof. The iris regu¬ 
lates the entry of light into the eye-ball, just 
behind the iris, there are suspensory liga¬ 
ments which keep d|e leris in position, 
(c) Retinal layer. TheTctinal layer forms the 
innermost and the light sensitive screen of 
the eye. It contains two types of photo-, 
sensitive cells called the rods and the cones. 
The cones are primarily concerned with 
the colour vision in bright light and the 
rods are chiefly usefift in colourless vision 
at low light intensities. Photosensitive 
cells are connected with the ntrvc fibres of 
the optic nerve. 

A crystalline lens is situated just be¬ 
hind the pupil and* is kept in position 
by suspensory ligament. The lens divides 
the cavity of the eye into two chambers. 
The anterior chamber between the lens 
and the cornea is filled up with a watery 



216 


BIOLOGY OF ANIMALS 


fluid, the aqueous humor and the posterior 
one behind the lens is filled up with a 
transparent jelly-like substance, the vitreous 
humor. Just at the point of entry of the optic 
nerve into the retinal layer there is a 
depression known as blind spot where no 
image is formed. Two muscles, one dorsal 


violet ( iodopsin) is present in the cones. The 
synthesis of both these pigments depend 
upon the presence of Vitamin A. The pig¬ 
ments are decomposed by the light and 
various products are produced which can 
create impulses in the photoreceptor cells 
of the retina. 
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Fig. 6.21. Sense organs of Bufo. A. Diagrammatic vertical section of an eye. B. Partial sectional 
view of the head region passing through the ear. G. A membranous labyrinth. 


and the other ventral, are connected with 
the suspensory ligament of the lens and 
with the cornea. These muscles are known 
as the protractor lentis. Contraction of the 
protractor lentis draws the lens closer to 
the cornea and when relaxed the lens is 
pushed away from the cornea. 

Mechanism of vision. Light rays, on the 
way through cornea, pupil and the lens, 
are converged to the retinal layer. In the 
retinal layer an inverted and reduced 
image is formed which is transmitted to 
the brain via the optic nerves. This invert¬ 
ed image is translated into a corrected one 
by the brain. Adjustment of the image 
(accommodation) on the retinal layer is done 
by the forward and backward movement of 
the lens by the protractor lentis. 

The photochemical basis of image for¬ 
mation relates that the vision depends upon 
the photosensitive pigments present in the 
photosensitive cells. Visual purple ( rhod - 
opsin) is abundant in the rods and visual 


Two types of vision are encountered in 
animals, one is the binocular vision which 
means that the two eyes can be focussed on 
the same object and the other is the mono- 
cular vision when each eye has a different 
visual field. In toad the vision is mono¬ 
cular, because eyes are laterally placed and 
cover different visual areas. 

Receptors for hearing and balancing. The 
ears subserve dual functions, hearing and 
balancing. The ear of toad consists of 
three parts: the external ear , the fiddle ear 
and the internal ear. The external ear is 
represented by a tightly stretched mem¬ 
brane called the tympanum. The middle ear 
is a tube-like cavity. The cavity of the 
middle ear is in communication with the 
buccal cavity by eustachian tube. Presence of 
the eustachian tube equalises the atmos¬ 
pheric pressure on the two sides of the 
tympanum. A bony rod, the columella con¬ 
nects the tympanum with the membranous 
partition separating the middle and the 
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; internal ear. The internal ear is represented 
; by the membranous labyrinth which is en¬ 
closed by the auditory capsule (Fig. 6.2 I B) . 
The membranous labyrinth floats in a 
fluid known as perilymph and the cavity of 
the labyrinth is filled with another fluid 
known as endolymph. The auditory cap¬ 
sule is sealed from all sides by a mem¬ 
branous partition. Membranous labyrinth 
is made up of two chambers. The upper 
chamber is called the utriculus and the 
lower one is the sacculus. The utriculus gives 
out narrow tubular semicircular canals (Fig. 
6.21C). There are three semicircular 
canals, one is horizontal in position arid 
the other two are vertically disposed. All 
the three semicircular canals are arranged 
at right angles with one another. Both the 
ends of the semicircular canals open into 
the utriculus. Each canal bears an ampulla 
at its one end only. The sacculus produces 
a short projection called lagena. Patches 
of sensory receptors are present in the inner 
wall of the membranous labyrinth. Each 
patch is composed of sensory cells and 
supporting cells. Receptor cells are con¬ 
nected with the nerve fibres from the audi¬ 
tory nerve. 

Mechanism of hearing. Sound waves direct¬ 
ly impringe upon the tympanum and the 
vibrations are conveyed by the columella 
to the perilymph. From the perilymph, the 
vibrations are carried to the endolymph 
and thus stimulate the sensory cells of the 
sacculus and lagena. The impulses are 
transmitted to the brain through the audi¬ 
tory nerves and are perceived as sound in 
the brain. 

Mechanism of balancing. The semicircular 
canals maintain the equilibrium of the 
body. Calcareous particles ( otoliths ) pre¬ 
sent inside the semicircular canals strike 
upon the bristles of receptors as the ani¬ 
mals lose the balance. Besides, the semi¬ 
circular canals are arranged in such a 
fashion, that: these can easily detect chan¬ 
ges of the center of gravity during move¬ 
ment. 

ENDOCRINE SYSTEM 

The endocrine system includes many 
ductless glands which secrete the hormones 
directly into the blood stream. The endo¬ 
crine glands of toad are as follows: (1) 
Pituitary gland . This gland has two lobes, an 
■; anterior lobe and a posterior lobe. The 
anterior lobe of the pituitary gland sec¬ 


retes a growth-stimulating hormon^, a 
thyroid stimulating hormone, a gonad- 
stimulating hormone and maiiy other 
hormones for the regulation of the aettj 
vities of the other Endocrine glands. (2) 
Thyroid glands . There is a pair of stnraj 
oval thyroid glands situated on the 
of the buccal cavity one on each side 
hyoid apparatus. The thyroid gland^ ^ : 
duce a hormone called thymxiriei^ 
Parathyroid glands. These are oval yellowish 
glands situated near the thyroid glands. 
(4) Thymus glands. These are small yellow¬ 
ish bodies situated on either side behind 
the tympanum. (f>) Adrenal glands . These ; 
glands are represented by narrow orange 
coloured bands situated on the ventral 
side of the kidneys. The cortex produces a 
hormone called cortin and the medulla 
secretes the adrenalin. (6) Pancreas. This 
gland contains two types of glandular struc¬ 
tures. The exocrine part secretes pancreatic 
enzymes while the endocrine part (islets 
of Langerhans) produces insulin, (7) 
Gonads. Besides the production of germ 

cells, the gonads produce sex hormones, 

• 

URINOGEN1TAL SYSTEM 

Although excretory system and the re¬ 
productive system are functionally diff¬ 
erent, it is a general practice to describe 
these two systems under a common topic 
— the urinogeni tal system. 

Excretory system 

During metabolism various nitrogenous 
waste products are formed in the body. 
These waste products should be eliminat¬ 
ed. Because these arc not only useless but 
detrimental to the body if retained inside. 
The process concerning the extraction of 
nitrogenous waste products and their re¬ 
moval from the body is called the excre¬ 
tion. Nitrogenous waste products such as 
urea, uric acid and 1 excess of water with 
some salts are excreted as the urine. The 
organs responsible for this phenomenon 
are : (1) a pair of kidneys, (2) a pair of ure- 
• ters, (3) an urinary bladder, (4) "the cloaca 
and (5) the vent. 

Kidneys. The kidneys are two in num¬ 
ber. Each kidney has a compact elongated 
structure and attached to the dorsal side 
of the body wall. These are retroperitoneal 
in position, i.e., not enclosed within the 
peritoneum. The kidneys are of mesone¬ 
phric, type. The edges of the kidneys are 
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marked.bfnotch.es '(Fig. 6.22),-ifcteh-jkidney' • Physiology of urine famaHon* The blocx^. 
is composed of innumerable microscopic containing excretory products is brought 
uriniferous tubules (or nephrons ). Each urini- to the kidney by renal artery and the renal 
ferous tubule has a proximal two-walled portal vein. On its way through gloroe- 
cup-like structure known as the Bowman's rulus, water containing nitrogenous waste 
capsule . A small afferent vessel from the products and other substances is filtered 



Fig. 6.22. A. Excretory and genital system of a female Bufo. The arrows indicate the path of 
transportation of the egg from the ovary* into the oviducat funnel. Ovary of one side has been 
shown. B. An enlarged sectional view of ovary showing the discharge of eggs. 


renal artery enters into the capsule and 
breaks up into a network of capillaries to 
form the glomerulus. From the glomerulus 
an efferent vessel emerges oul and pours 
the blood into the renal vein. The 
Bowman’s capsule together with the 
glomerulus constitutes the Malpighian body 
(or renal corpuscle). The other end of the 
Bowman’s capsule is communicated with 
the coiled tubule. This convoluted part of 
the tubule is supplied by capillaries from 
renal portal vein. These tubules open into 
the collecting tubules which in turn open 
into the ureter. Numerous minute open-' 
ings called nephrostonies are present on the 
ventral side of the kidneys. The ureters 
unite posteriorly to form a common duct 
which opens into the cloaca. Opening into 
the ventral side of the cloaca there is a 
bilobed urinary bladder. The bilobed uri¬ 
nary bladder is formedby the fusion of two 
urinary bladders. 


out into the capsular space. I’he filtrate 
then passes through the convoluted tubule 
where the useful substances are reabsorbed 
and go back into the circulating blood. 
The fluid from the tubules is collected by 
the collecting tubules arid drains into ure¬ 
ters as the urine. Urine then drips into the 
cloaca and is stored temporarily in the uri¬ 
nary bladder. When fully filled with urine, 
the urinary bladder contracts to eject the 
urine through vent. With all probabilities, 
the nephrostomes drain away excess of 
water and wastes from the body cavity. . 

Reproductive system 

The sexes are separate. Sexual dimor¬ 
phism is present in toad. During breeding 
season, a cushion-like thumb pad appears 
at the base of each innermost finger of 
male. Male is provided with a vocal sac 
opening into the buccal cavity. During 
breeding season fetnales have distended 
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to accommodate tlie egg*. In 
: 'Sscth. the sexes, several yellowish outjpowths 
lulled fAt . bodies arc present. anterior 
•Jto the gonads. The fat bodies are the store 
Jiouse of fatty substances Which are utilised 
during hibernation and also during germ 
cell formation. 

Female Reproductive System. The female 
reproductive system consists of two ovaries 
and two oviducts. Each ovary is an irregular 
much folded sac and is attached with the 
ventral side of the kidney by mesovarium. 
During breeding season, the ovaries be¬ 
come greatly enlarged. The female gono- 
duct (or oviduct) is a very long coiled tube 
and is placed on the lateral side of the body. 
Each oviduct is differentiated into three 
parts (Fig. 6.22A). Anteriorly, the oviduct 


discharged into the body cavity by rapture 
of the ovarian wall (Fig. 6.22B) and tbeitv 
find their passage into the bytduct through, 
the opening of the oviducal funnel. 

Male Reproductive System. The male re¬ 
productive system comprises of two elon¬ 
gated white bodies called the testes ( Fig. 
6.23A). Each testis is attached .with the^ 
ventral side of the kidney by die misor*: 
chium. Each testis is made up of a collection 
of fine seminiferous tubules which manu¬ 
facture spermatozoa or male germ cells. The 
seminiferous tubules are connected with, 
the collecting tubules of kidney by fine 
ducts called the vasa efferentia. The vasa 
efferentia open into the ureter, which in 
male, is known as the urinogenital duct. 
Through the urinogenital duct, both the 
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Fig. 6.23. A. Urinogenital system of a male liufo. B. Diagrammatic section of the kidney and 
testis. Note the relationship of the sperm duct with the urinary tubule. 


opens directly into coelom by a funnel-like 
opening called oviducal funnel. So ovi¬ 
duct has got no direct connection with 
the ovary/The median portion is extensi¬ 
vely coiled and glandular. The posterior 
part becomes dilated to act a thin-walled 
uterus lor ovisac). The two uteri unite to 
form a common median tube which in 
turn opens to the dorsal side of the cloaca! 
chamber. The 4ggs, after maturation, are 


male gametes and urine are poured into 
the cloaca (Fig. 6.23B). Just in front of the 
testis and attached to the anterior end of 
each kidney, there is a small rounded body 
called Bidder's organ. It .is regarded as 
an undeveloped ovary and may be func¬ 
tional if the testes are removed. This 
peculiar structure is also present in female 
in an ill-developed condition. This organ jg 
regarded by some as an ovotestis. / 'S 
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LIFE-HISTORY 

The life-history of toad is very much 
complicated. Toad breeds during rainy 
season. 

Structure of germ cells. The eggs arc spheri¬ 
cal cells. Each egg has a blackish animal 
pole and a whitish vegetal pole. The 
animal pole is full of protoplasm and the 
vegetal pole is full of yolk. Such a type of 
egg is called the telolecithal type. Each egg is 
surrounded by vitelline membrane. The egg 
gets a coating of jelly-like albumen while 
passing through the convoluted part of the 
oviduct. The spermatozoa are highly spe¬ 
cialised cells with an oval head containing 
nucleus, a short neck having centrosome 
and a long wavy protoplasmic tail. 

Fertilization. Union of male and female 
gametes takes place externally, i.e., ferti¬ 
lization is external. The outer membrane 
of the egg gives an impass to one sperm 
after which the outer membrane becomes 
impervious to other sperms. Only the head 
portion of the spermatozoa enters into the 
cell-body of ovum and the tail is left out. 
The sperm nucleus is called male pro¬ 
nucleus and the egg nuclqps is known as 
female pronucleus. During fertilization, the 
male and female pronuclei fuse to form a 
single nucleus. The egg, thus fertilized is 
known as the ZM ole - 

Embryonic development. The zygote under¬ 
goes rapid divisions known as cleavage 
(or segmentation) and results in the produc¬ 
tion of a large number of blastomeres (Fig. 
6.24). The cells now arrange to form a 
cellular ball known as blastula. Now the 
blastula enters into a complicated stage 
known as the gastrula and the process is 
known as gastrulation. The gastrulation is 
essentially a process of cell movement when 
the different cells take up their respective 
position for future differentiation. During 
this process three primary germinal layers, 
(1) ectoderm, (2) mesoderm and (3) endo- 
derm are differentiated. All the structures 
of the adult are developed out of these 
three primary germinal layers. After about 
two weeks a small embryo is seen moving 
within the egg. The developing embryo 
gets nourishment from the yolk and 
eventually hatched as the tadpole larva. 
Fig. 6.25 illustrates the larval development 
and metamorphosis' of toad. 

Structure of a freshly hatched tadpole larva. A 
freshly hatched tadpole larva has a limbless 
body. The body is divided into an ovoid 
head, a short trunk and a slender tail. A 


small opening situated vehtrally at the 
root of the tail is known as the anus. An 
adhesive sucker is present on the ventral 



I rudiments of gills 

Fig. 6.24. Pre-larval developmental events in 
Bufo. F. Sectional view. 


side of the head by which the tadpole 
larva attaches itself to the aquatic weeds. 
The mouth is lacking and as a result it 
cannot take anything from outside. The 
yolk material provides the nutrition. The 
respiratory organs comprise of three 
pairs of highly vascular and branched 




|ea^heiy external gills. After a few days the through it At .this stage both th£ :thtet^;;; : 
mouth is formed near the sucker. A pair of nal gills as well as the newly formed luiigsf; 
horny jaws surrounds the moutfi. The tail are functional. When the lungs become 

becomes more elongated and develops a fully developed, the internal gills bccdipe. 

dorsal and a ventral fin. V-shaped myo- degenerated. At this stage it looks like a 

tomes develop on both the sides of the tail, miniature toad except having a tail. As the ' 



Fig. 6.25. Schematic representation of the larval development and metamorphosis of Hi Note 
that the early phase is passed in water (A-l). J. A freshly metamorphosed Hufo. K. An adult Hu 


At this time this free swimming tadpole 
larva ingests water weeds, as result of 
which, the alimentary canal becomes ex¬ 
tremely elongated. To accommodate such 
a long alimentary canal inside the cavity 
of a short trunk, it becomes spirally coiled 
like the spring of a watch. 

Structure of an advanced tadpole larva. In the 
advanced stage, the pharynx of the tad¬ 
pole larva becomes perforated by gill-slits. 
External gills disappear and the internal 
gills are formed between the gill-slits. The 
gills and the gill-slits are covered by the 
operculum (or gitl^cover). The operculum 
fuses with the trunk on all sides except a 
small opening called the spiracle on the left 
side. Water enters into the pharynx thro¬ 
ugh the mouth and goes out through the 
spiracle. During this transit of water the 
internal gills are bathed with water con¬ 
taining oxygen dissolved in it. While the 
internal gills are functioning, a pair of 
lungs develops as outgrowths from the 
pharynx on the ventral surface. The 
hindlimbs appear prior to the forelimbs. 
The forelimbs remain first hidden under 
.the operculum and subsequently emerge 


limbs are developing, the animal enters 
into a period of starvation. The material of 
the tail becomes eventually absorbed into 
the body. 

Structure of a freshly formed toad. After the 
absorption of tail, the young toad leaves 
the primal aquatic home and conies to the 
land and hops. The mouth becomes wider 
and a pair of true bony jaws replaces the 
horny jaws. It now changes its food habit 
to carnivorous type, as a result the ali¬ 
mentary canal becomes short and less 
coiled. 

Metamorphosis . The phenomenon of meta¬ 
morphosis is well illustrated in the life- 
history of toad. The young tadpole larva 
resembles a fish. It leads an independent 
and self-supporting life. This fish-like tad¬ 
pole larva completely metamorphoses into 
a toad. The metamorphosis of toad is ex¬ 
clusively a progressive process and is con¬ 
trolled by the thyroid glands. Removal of 
thyroid glands in the tadpole larva retards 
metamorphosis. Anteribr pituitary indirect¬ 
ly plays an important role during meta¬ 
morphosis by stimulating and controlling 
the function of the thyroid glands. 





Fig. 6.26. Some important urodeles. A. Megalobalrachus. B. Cryplobranchus. G. Salamandra . D. Adult , 
Ambystoma. E. Axolotl larva of Ambystoma. Note the presence of continuous dorsal and caudal fin. if 
F. Amphiuma. G. Triturns* H. Necturus. I. Proteus. J. Siren. K. TyUbtotriton * . <%. 
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SleiriflltK. ^'jrtjbotiS. -SSf^nS.: : «nd . 

|thc tail i* laterally compressed with (Xmtinuous 
^median fin. The limbs arc small aiid fccWv deve¬ 
loped. There are four dibits in each limb. The eyes 
^esmaU with no eyelids. Two giU-siits are present. 
The lungs are greatly reduced. The eggs are laid 
under submerged stones and are guarded by the 
females. 

Proteus. Proteus (Fig. 6.261) is a blind urodelc 
inhabiting the European caves. It resembles Nec- 
lurus in many respects. The limbs are ill-dcvclqped. 
The Forelimbs are provided with two lingers and 
the hindlimbs bear two toes. There are external 
gills like that of Necturus. The'body is colourless. 

siren. Siren (Fig. 6.26]) has almost the same mor¬ 
phological construction as the Necturus. It retains 
almost entirely the larval characteristics. Siren has 
an elongated eel-like body without any external 
trace of hindlimbs. The pterygoids are greatly re¬ 
duced. The coracoid exists as a separate ossified 
piece. A prominent vomeronasal organ (or organ of 
Jacobson) is present. 

amphiuma. Amphiuma (Fig. 6.26F) has an cel-like 
body and is usually called the ‘Conger-eel’. It is 
found mostly in North America and also in the 
southern part of America. It is a semilarval creature 
with lungs and absurdly small legs with two or three 
digits. The eyes are devoid of eyelids. There are foiir 
branchial arches. The skull contains a bony ptery¬ 
goid, prevomeral processes and premaxillary spines 
separating the nasals. There is no trace of external 
gills in adult, but two pairs of gill-slits are retained 
throughout life. 

amhystoma. Ambysloma (or Amblystoma) is a North 
American terrestrial newt (Fig. 6.26D). It has al¬ 
most the same organisation as that of Amphiuma. 
The limbs are moderately developed with four 
digits in the forelirnbs and five digits in the hincl- 
limbs. A series of palatal teeth is present. Amhystoma 
mexkanum becomes mature without metamorphosis 
because of the absence of iodine in water. 

axolotl larva. Larvae' of two genera of uro- 
delcs, Ambysloma and Triton have the power of deve¬ 
loping the sex organs and thus are able to reproduce 
at the premature stage. This phenomenon of attain¬ 
ment of sexual maturity in larval phase is called the 
neoteny' (or paedogenesis). Such ncotenous larval 
phase is called the Axolotl larva (Fig. 6.26E). The 
Axolotl larva of Amhystoma has a well-developed 
post anal tail with a continuous tail fin unsupported 
by fin-rays. It has three pairs of external gills and 
four pairs of gill-slits. The cause of retention of 
larval characters and the absence of metamorphosis 
from aquatic to land life, appears to be due to abun¬ 
dance of food, lack of iodine in water and other 
favourable conditions of life. The axolotl becomes 
sexually mature at the age of about six months. 
It breeds several times a year. The axolotl is found in 
£ that stage in different parts of United States.- 
t* The axolotl is known since long time. It was 
regarded first to be related to a perenibranchiate 
form, specially to Siren and gets the name Siredon 
axolotl or Siredon pisciformis. But in 1865 some such 
specimens were transported from the United States 
to France where they started to breed and finally 
underwent metamorphosis. They lost the gilk and 
other larval features and transformed into adult 
Ambystomas. Since then, the Axolotls are identified 
•as th#sexually mature larvae of Ambystoma. 
triton. Triton is an aquatic European newt with, 
. laterally compressed tail. The limbs are moderately 


developed with four digits in the 
digits in the hindlimbs. The eyes arepitevidedwitb 
eyelids. The palatine teeth arc present in two jlongi* 
tudinal rows. The para sphenoid is toothless.. .'Trie ? 
vertebrae arc opisthocoelous. They are oviparous 
and the eggs are glued singly to aquatic weedao^; 
submerged stones. The larvae may attain sexual 
maturity and fail to undergo metamorphosis. 

salamandra. Salamandra (Fig. 6.260) is the Euro¬ 
pean land salamander with a subeyliudrical tail. 
There is no trace of either gill or gill-slU in adult, v 
'The branchial arches are greatly reduced. Two pairs 
of limbs are present. The forelimbs arc provided 
with four digits and the hindlimbs are with five 
digits. The vertebrae are opisthocoelous; The vome¬ 
rine teeth are present on either side of the para* 
sphenoid. Salamandra maculosa (spotted salamander) 
is viviparous and youngs emerge as the larvae. The.:, 
skin contains poisonous glands Which eject white 
poisonous fluid. Salamandra atra is also a viviparous 
form and produces two youngs at a time. While 
intrauterine, the youngs develop external gills which 
absorb oxygen and nutrition. ■■■ 

TRITURUS. Tritmns (Fig. 6.26G) is a common 
British newt which, like that of Salamandra, lacks 
any trace of gills or gill-slits. The branchial arches 
are reduced. The limbs support much of the weight 
of the body and are plantigrade. There is a serrated 
middorsal crest on the back. The tail is cylindrical 
in non breeding season, but in breeding season it, • 
specially in males, develops a large fin. 

tyi.ototrjton . Tylototriton (Fig. 6.26K) is the 
only Indian urodele found in the eastern Himalayan 
region. It resembles Salamandra very # doscly, It 
attains a length of about 15- 20 cm. The head hears 
two ridges on the dorsolateral sides. The back ofthe 
the body bears -a median vertebral ridge and two 
beaded lines laterally placed. The tail is laterally 
compressed. 

MEfsALonATRACirus. Alegalobatrochus (Fig. 6.26A) 
is a giant sa lamander of China and Japan. It attains 
a length of about 1.65 m. All traces of gills or gill- 
slits disappear, but two branchial arches persist. 
The eyes are devoid of eyelids. The limbs are func¬ 
tional with four digits in the forelimbs and five 
digits in the hindlimbs. 

crYPTOM t anchus . Cryptohranchus (Fig. 6;26B) is 
called the ‘hell bender’ of the United States. There is 
a single branchial aperture (spiracle) oil the left 
side only and is used for the outlet of water during 
respiration. Four branchial arches are present. Like 
that of Megalobatrachus. the limbs are functional. 
The eyes are lidlcss. The skin on the dorsolateral 
sides of the body shows flabby folds. 

rana. Remain one of the most'common examples 
of the frogs (Fig. 6.27A) . It has almost similar ana¬ 
tomical organisation as that of/J m/o. The outline of 
the head is triangular and the teeth are present only 
on the upper jaw. The vomers are prpvided with 
teeth. The fingers arc free, but the toes are webbed: 
The eighth vertebra is amphicoclous and the trans¬ 
verse processes of the ninth vertebra are cylindrical 
There are many species under the genus. Some of 
the species are mentioned below. They are: Rana 
temper aria (common European grass-frog), R. escu - 
lenta (common water-frog of • Europe, Asia and 
Africa)* R. sylvatica (North America), R. catesbeiana 
(bull-frog of North-America), R. tigerina (bull-frog 
of India), R. hexadaetyla (common Indian grass* 
frog) , /?, limnocharis (rice-field frog of India) and A. 
cvanophlyctis (common water-frog of India). 
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rhacophorus. Rhacophorus is a common tree- 
frog. The webbed hands and feet are greatly enlarg¬ 
ed so as to act as parachutes. Rk. malabaricus can 
glide from tiie branches of tree to the ground and 
covers a horizontal distance of about 9 m. Rh. 
maculatus is the common Indian tree-frog. In this 
animal, the tip of all the digits becomes enlarged to 
form adhesive discs. These discs produce a sticky 


internal and is assured by a pedis-lik# extension 
from the cloaca! chamber. 

breviceps. Breviceps (Fig. 6.27F) is a specialised 
anuran which is adapted to burrowing. It digs the 
soil for ants as food. The snout is greatly enlarged 
and the Limbs are modified. The Indian burrow¬ 
ing forms are Uperodon globulosum which leads a 
subterranean life. 



Fig. 6.27. Some anura^s. A. Ran a. B. Hyla . G. Ascaphus. I). Xenopus. E. Liopelma. F. Breviceps, 


secretion by the help of which, this animal can 
adhere to Any object. The eggs are laid in water in 
all the species, but in Rh. reliculatus of Ceylon, the 
eggs are attached to the ventral surface of the belly. 

hyla. Hyla is a tree-frog (Fig. 6.27B). The termi¬ 
nal phalanges are claw-like and swollen at the base 
to form adhesive pads by which it can climb the 
trees or vertical walls of the buildings or rocks. The 
upper jaw is toothed. All the tree-frogs, excepting 
Hyla arborea of India and Southern China, are exclu¬ 
sively restricted \ to America or Australia. Hyla 
venulosa of the lower Amazon can glide from a con¬ 
siderable height. Parental care is well-developed. 
H. faber makes mud-nests for laying the eggs and 
H. goeldii carries the eggs on the back of the female. 

pipa. Pipa is a specialised aquatic toad of South 
America. The tongue and teeth are absent. Pipa 
shows an advanced condition for the care of the 
youngs. There is an elaborate arrangement for the 
development of the youngs within pits on the back 
of the females. 

xenopus. Xenopus (Fig. 6.27D) is an African toad 
and closely related to Pipa. There is no tongue. The 
tympanum is indistinct. The vertebrae are opistho- 
coclous. The upper jaw is toothed. The pupil is 
Toutiftl. The phalanges are pointed. The digits of 
the forelimbs are free, while that of the hindlimbs 
are webbed and the first three bear horny claws. 
Parental care is absent. The tadpole has a pair of 
branchial openings. 

liopelma, Liopelma (Fig. 6.27E) is found in 
New Zealand. It has many primitive features. The 
tail muscles are present which are absent in 
other an unins. The vertebrae are amphicoelous. 
The ribs are iree and the abdominal ribs are pre¬ 
sent. The posterior cardinal veins are present. 

'ascaphus. Ascaphus (Fig. 6.27C) is a primitive 
frog inhabiting the mountain streatns of Northern 
America. The lungs are reduced. The fertilization is 


CLASSIFICATION 

The scheme of classification of the class 
Amphibia presented in this text is based 
on the principles adopted by Noble 
(1954). 

CLASSIFICATION IN OUTLINE 

Class Amphibia 

Extinct orders 

Order ''Labyrithodontia 

^ Suborder Embolomeri, e.g., Palacgyrius. 
v Suborder Rachitomi, e.g., Eryops. 

'Suborder Stereospondyli, e.g., Capitosaurus, 
Cyclotosaurus. 

Order Phyllospotidyli, e.g., Branchiosaurs and 
allies. 

Order Lepospondyli 

Suborder Ncctridia, e.g., Diplocaulus. 
Suborder Aistopoda, e.g., Carboniferous 
Sirens and Amphiumas. 

Suborder Gastrocentrophori, e.g.. Sala¬ 
mander-tike Lcpospondyls. f 

Suborder Adelospondyli, e.g., Lysorophus . 

Living orders 

Order Gymnopfriona (or Apoda), e.g., Ich- 
thyophis. 

Order Urodela (or Caudata) 

Suborder Cryptobrarichoidea, 
e.g., Cryptobranchus . 

Suborder Ambystomoidca, 
e.g;, Ambystoma. 
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Suborder Salamandroidea, c.g., 

Tri ton , Desmognathus. 

Suborder Proteida, e.g., Proteus. 

Suborder Meantes, e.g., Siren. 

Order Salientia (or Anura) 

Suborder Amphicoela, e.g., 
Ascaphus. 

Suborder Opisthoeoela, e.g., Alytes. 
Pipa. 

Suborder Anomocoela, e.g., Pelo- 
bates. 

Suborder Proeoela, e.g., Bujo, Hyla. 

Suborder Diplasiocoda, c.g., Rana. 

CLASSIFICATION WITH CHARAC¬ 
TERS 

The amphibians are classified into three 
extinct and three living orders. The clas¬ 
sification of' the extinct amphibians is in¬ 
complete and is based largely on the 
fragmentary fossil evidences. 

Extinct orders 

The fossil amphibians are inducted under llirw: 
orders. The orders arc: Labyrinthodantia , Phylfos - 
/mndvli and Lepospondyli. 

Order Luhyrinlhodonlia. The members of ihis 
order were Salamander-like amphibians ol the? 
lower Carboniferous to Triassic periods. They arc 
usually called the Slegocephalians or Labyrinthn- 
donts.N Slegocephalians constituted a very im¬ 
portant group because they gave origin to the hrst 
reptilian form. They were fully aquatic as evi¬ 
dent by the presence of well-developed lateral 
line canals in the skull. The skull was provided with 
heavily armoured bony plates. The tcetli were large 
and were provided with greatly folded dentine.) 
.’The skull was completely roofed by bones.^ This 
order includes three Suborders: Suborder (1) Enibo- 
lomeri with double centra in the vertebrae. Ex¬ 
ample: Palaegyrim. Suborder (2) Rnchitomi was char ¬ 
acterised by having half-mooned intcreentra. Ex¬ 
ample: Eryops. Suborder (3) Stcreospondyli included 
ihe family Capitosauriclae. The plcurocentrum 
was rudimentary or absent. Example: Capitasaurus. 

" Order Phyliospondyli. This order comprised ol 
small urodelii-like creatures.) This group holds the 
ancestry of the modern amphibians excepting the 
caccilians. The notochord and the nerve cord re¬ 
mained in the same cavity. Two occipital condyles, 
were present in the skull.'. The Branchiosaurs and 
their allies are included in this order. 

Order lepospondyli. The members of this order are 
regarded to be the progenitors of the caecilians. 1 he 
vertebrae were cylindrical and each vertebra was 
composed of single piece of bone. The neural arch 
was fused with the centrum" Vhis order includes four 
suborders: Suborder (1) Nectridia. Besides the 
zygapophyses, extra attaching processes, zygantra 
and zygosphenes were present in the vertebrae. Ex¬ 
ample: Diplocaulus. Suborder (2) Aistopoda. They 
were all limbless forms. The vertebrae possess dis¬ 
tinct transverse processes. Examples: Sirens and 
Amphiumas of Carboniferous. Suborder (3) Gastro- 
centrophori. This suborder is incompletely studied 
and its relationship with the other suborders is not 


well defined. Exafnples: Amphi uma-likc lepospon- 
dyls. Suborder (4) Adelospondyli. The neural arch 
was joined with the centrum by suture. Example; 
I.ysorophus. 

Living orders 

The caccilians, urodelcs and anurans 
constitute the members of the three living 
orders of the class Amphibia. . 

Order Gymnophiona (or Apod a) 

This order includes the elongated, snake¬ 
like and limbless creatures usually called the 
caccilians. The caecilians arc all living and 
have no fossil representative. They live in- 
burrows and exhibit the basic features of 
fossorial adaptation. The anus is located 
terminally and the post anal tail is absent 
or extremely short. The surface of the skin 
is transversely grooved. Beneath the igroo- 
ves of the skin, groups of minute scales are 
present.'The scales are absent in Typhlo- 
nectes , Siphtmops , Ddellophis and Gegenophis. 
'The lidless eyes arc rudimentary and re¬ 
main usually hidden under the skin/ 
Presence of a protmsiblr sensory tentacle 
in between, the nostril and the eye is 
a peculiar occurrence. "■ The •male is 
provided with a large prolmsible eopu- 
latory• organ./The vertebrae are amphi- 
eoelous. The frontal and the parietal bones 
of lhe skull are separate.: The eggs are large 
and yolky. The cleavage is mcroblasticJ 
As the eggs are laid on.land, I he embryos 
grow utilising the yolk. The youngs possess 
plumed external gills. The aquatic genus, 
Typhlonccies has a flattened tail and the 
development is internal. • 

Order Urodela (or Gaudata) 

The order Urodela includes the tailed 
amphibians and represents a very impor¬ 
tant group, because they form the 
hypothetical stage between the fishes and 
amphibians. 

The urodeles have lizard-like elongated 
body with two pairs of subcqual limbs. 
The limbs are usually weakly developed.) 
The post anal tail is well-developed.’The 
mouth is terminal in position and is bound¬ 
ed by a pair of jaws. The teeth may or 
may not be present. The eyes are small and 
have no eyelid. There is no tympanum. 
There is no exoskeleton and the chromato- 
phores are embedded in the deeper layer 
of the skin. In Asiatic urodele, Onycho 
daetylus, small homy claws are present. 

The skull differs from that of toad by 
many important points. The cartilage in 
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the cranium is very much Restricted.yThe 
trabeculae do not fuse and the cranium is 
complete above and below in the para¬ 
chordal or occipital region. The roof and 
floor of the skull are provided with a large 
supracranial and a basicranial frontanelle. 
The former frontanelle is covered by the 
parietals and frontals and the latter by the 
parasphenoid. The parietals and frontals 
arc separate. The parasphenoid is not 
sabre-shaped. The vomer and palatine arc 
fused to form vomeropalaline which bears 
teeth. The quadrate is directed forward 
and may be situated at right angle to the 
axis of the skull. The vertebral column con¬ 
sists of a large number of vertebrae. The 
total number of vertebrae may reach 250. 
The vertebrae may be amphicoelous (the 
centra are concave) or opisthocoelous 
(convexity on the anterior and concavity 
on the posterior lace of each centrum). 
The first vertebra has an odontoid process. 
The first vertebra in adult is actually the 
second vertebra, because the original first 
one is absorbed in the skull. The transverse 
roccsses are bifurcated and the doublc- 
eaded ribs are attached to the transverse 
processes. The caudal vertebrae arc pro¬ 
vided with haemal arch through which the 
blood vessels pass. 

The pectoral girdle is simple and com¬ 
posed mainly of cartilage (Fig. 6.28). Two 



Fig. 6.28. Girdles of Urodelcs. A. Pectoral girdle 
of Ambystoma. B. Pelvic girdle of Salamandra. 


and ulna are completely separate. The 
tibia and fibula also exist as separate 
bones. The tarsal bones are usually distinct 
and retain the primitive arrangement. The 
forelimbs have four digits. 

The tongue is fixed and immovable. The 
intestine becomes elongated and forms 
several loops. Respiration usually occurs 
by the gills in the larval stages, but the 
adults respire mostly by the lungs and 
skin. The lungs are absent in Dcsmogna- 
thus where respiration is exclusively cuta¬ 
neous and pharyngeal. Each lung is a 
simple sac-like structure (Fig. 6.29). Along 
trachea may be present. Cutaneous gills 



coracoids overlap one another. The sca¬ 
pulae are ossified. The clavicles are absent. 
The sternum is peculiar and appears to be 
associated secondarily with the pectoral 
girdle. The pelvic girdle consists of a large 
cartilaginous plate-like pubis. The ilium 
and ischium undergo ossification. The ilia 
articulates with the« first sacral vertebra. 
There is an ‘Y’-shaped Tpsiloid bone or 
epipubis attached to the pubis. A rod-like 
nodule may develop the prepubic car¬ 
tilage. The limbs are peculiar. The radius 


remain covered by the ectodermal cells. ; 

In salamanders, the lungs also act as the 
hydrostatic organ. The heart consists of 
two auricles and one ventricle. The inter- 
auricular septum is fenestrated. In cases \ 
where lungs are absent, a large foramen 
ovale is present. The conus arteriosus has 
valves. The typical spiral valve may be 
absent. Usually four pairs of aortic arches 
arc present. In cases, where the gills per- , $ 
sist in adult, accessory loops are present in 
the third, fourth and fifth arterial arches. ^ 
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Fig. 6.30 shows the arrangement of the 
arterial arches in a larval and adult uro- 
dele. The venous system is a transitional 
type between that of fishes and anurans. 
The erythrocytes are oval, nucleated and 
are remarkable for their unusual size. 
In Amphiuma , the size of erythrocyte 
measures about 80 micra and that of Pro¬ 
teus measuring about 58 micra. 


The order iTodela includes live sub¬ 
orders. The suborders are: 

Suborder C-ryptobranchoidea 

This suborder includes the most primi¬ 
tive urodoles. They are characterised by 
having the following features: (I) The 
angular of the lower jaw I'cmaiiy* free and 
is not fused with the prearticular. (2) 'The 
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l’ig. (>.30. Anterior arterial arches of Salammdm. A. Larval condition. 8. Adult. 


The brain is relatively simple (Fig. 6.31). 
The cerebral hemispheres are extremely 
elongated. The optic lobes are compara¬ 
tively small in size. The olfactory bulbs are 
not united. The eyes are small and func- 
tionless, especially in cave-dwelling forms. 
The eyelids rnav be absent as in the family 
Salarnandridae. The columella in the 
middle ear is absent. The lateral line 
sense organ is present in the larvae. The 
kidney is opisthonephros type, 'the an¬ 
terior portion of the kidney is nonrcnal 
while the posterior part is functional. The 
urinary bladder is not bilobed. The seg¬ 
mental nature of the nephric ducts is 
retained in the adult stage. The elongated 
testis often shows segmental nature. 
From the testis, several vasa efferentia run 
out and enter into the nonrenal part of the 
kidney. The nonrenal part of the kidney 
shows the hint of formation of epididymis. 
In male, a narrow cord-like structure is 
present by the side of the nrinogenital duct. 
This cord represents the Mullerian duct. 
The ovary is an elongated sac-like struc¬ 
ture. The oviduct is tubular. The termi¬ 
nal part is not dilated to form uterine 
chamber. Fertilization is generally inter¬ 
nal. A very interesting case of paedo- 
p morphosis is furnished by the Axolotl 
larva of Ambystoma. 


premaxillary spine is short. (3) Fcrtiliza-’ 
tion is external. (4) 'The cloacal glaud is 
complex in nature. This suborder includes 
two families: Hynohiidae and Crypto- 
branchidae. The family Ilynobiidac is re¬ 
presented by live genera, of which Uynobius 
is 1 1 ic mosL common one. The family Cryp- 
tobranchklae has two genera, Cryptobran - 
elms and Megalobahaehus. The most impor¬ 
tant example of Cryptobranchidac is 
Cryplobranchus elleganiemis of the United 
States of America. They an* giant urodeles 
and semi larval in adult. The eyes are small 
and lid less. The lateral line sense organs 
are present. The gills are absent in adult, 
but the spiracle remains opened. Megalo- 
batrachus is found in China and Japan, 
it is less larval in nature than Cryptobran- 
chus. 

Suborder Ambyslomoidea 

The members of this suborder possess 
many advanced characteristics over the 
Cryptobranchoidea. The angular is fused 
with the prearticular. The premaxillary 
spine is enlarged. The vertebrae are am- 
phicoelous in nature. The hyoid apparatus 
is peculiar by having a cartilaginous cross 
bar between the posterior cornua. Fertili¬ 
zation is internal. The adults of most 
species lack larval characters. But one 
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species, Ambystoma tigrinum presents a neo- 
tenic form the Axolotl of the mountain 
regions in Mexico. Lack of iodine and ex¬ 
treme cold water prevent the Axolotls to 
metamorphose into the adults. Hut admi- 


family Plethodontidae represents majority 
of the American urodeles. They are all 
terrestrial forms. The lungs arc absent and 
the animals respire by the skin. A naso¬ 
labial groove is present which assists in 



tig. H.H1. Bi"iin ;m<l cninwl nerves in <m nnxlele. Xedwm. A. Dorsal view. B. \ entral view. I!. 
Diagrammatic longitudinal sectional view. I-X represent the corresponding cranial nerves. 


nistration of thyroxine (hormone secreted 
by the ihyroid glands) causes the Axolotls 
to switch over into their adulthood. 

Suborder Sal am a 11 droi (lea 

This suborder includes three families: 
Salamandridae, Plethodoniidae and Am- 
phiumida'\ The Salamandmidea is cha¬ 
racterised by the possession of the following 
features: (1) The: vertebrae are. usually 
opisthocoelous. (2) Teeth are present on 
the roof of the palate. (3) The prevomers 
are either extended backward as two den- 
tigenoas processes on either side of the 
parasphenoid or break up inlo one or two 
sets of tooth patc hes lying on the para- 
sphenoids. (4) Three sets of doacal glands 
are present. (5) Fertilization is internal. 

The family Salamandridae is represented 
by the typic al newts. Triturus (the Ameri¬ 
can genus) and Triton (the European 
genus) are the typical examples of the fami¬ 
ly. Tylototritc.n is the most primitive sala- 
mandrid and is reprsented by two species 
T. verrucosus (found in eastern Himalayas) 
and T. andersoni (in Okinawa island in the 
Loochoo Archipelago). The family Sala¬ 
mandridae is characterised by having pre- 
vomerine teeth arranged in ‘S-shapcd* row 
on each side of the parasphenoid. The 


freeing the nostrils from wain*. The Ypsi- 
loid apparatus is reduced or absent. Dcs- 
mognatbus and Spderpes are the well known 
genera. Typhlomolge is the only ncotcnic 
form under the family. 11 has external gills 
and it is fully blind. The family Arnphiumi- 
dae includes the ‘Clongo eels’ which is re¬ 
presented by the genus, Amphiuma. Amp- 
liiurna is a sernilarval form and has a very 
long cylindrical body. The limbs are vesti¬ 
gial. The eyes are lidless. One small pair of 
gill-slits is present. 

Suborder Proteida 

This group comprises of the Mud puppy, 
Neclurus and the blind cave dweller Proteus. 
They are permanent larval forms. They 
possess the following characteristics. (1) 
The lungs are absent. (2) The eyelids are 
absent. (3) Long external gills are retained. 
(4) The fourth branchial arch is lost in 
adult. (5) The Ypsiloid apparatus is absent. 
(6) The skull is largely cartilaginous. (7) 
The maxillae are absent. 

Suborder Meantes 

This group contains the ‘Sirens’. They 
are permanent larval forms, which do 
not attain adult characters. Only the an¬ 
terior appendages are present. There are 
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three pairs of external gills. The eyes are 
lidless. The premaxillary spine is small. 
The inaxillaries are absent. This suborder 
includes one family—Sirenidae with two 
genera, Pseudobranchus and Siren. 

Systematic status of Urodela 

The systematic status of the urodela is 
controversial due to its peculiar anatomical 
organisation. Anatomically, urodeles form 
a transitional group between the fishes and 
amphibians. They show structural simi¬ 
larities with the fishes in oik; hand and 
with the amphibians on the other. 

Relationship with the fishes. 

Urodeles exhibit the following piscine 
features. These are: (1) Presence of immo¬ 
vably fixed tongue. (2) The lateral line 
sense organ is present. (3) The gills are 
present. (4) The circulatory and excretory 
systems show many similarities. (5) The 
tympanum is absent. Besides these typical 
piscine features, the urodeles show some 
similarities with crossnpterygians. The re¬ 
semblances are: (1) the presence of cuta¬ 
neous gills, (2) similar girdles, (3) similarly 
disposed visceral arches, (4) similar heart 
and arterial arches, (f>) similar venous 
system, (6) first spinal nerve is without 
dorsal root and (7) the. ypsiloid bone of 
urodele is comparable to the epipubic bone 
of the dipnoans. The similarities with the 
iishes in general and with the crossoptcry- 
gians in particular speak of their phylo- 
gent* tic rclatiouship. 

Relationship with the amphibians. 

The urodeles are included in the order 
Urodela under the class Amphibia. 
This fact needs no consideration, because 
the organisation of the brain, circulatory 
system, skull and visceral arches arc typi¬ 
cally amphibian in nature. Amongst the 
amphibians, the urodeles are to be regard¬ 
ed as a very primitive group than anurans 
because the position of the quadrate justi¬ 
fies the truth. The primitive characters of 
the urodeles are due to their retention of 
the larval features. Within the order 
Urodela a gradation of organisation is 
observed: 

Grade I. Urodeles with persistent gills 
(.Peremiibranchiate condition) e.g., Nec- 
iunts , Proteus and Siren. 

Grade II. Absence of gills and presence 
of only gill-slits in adult ( Derotnma - 
to us condition ) represents the transi¬ 
tional stage, e.g., Amphiuma. 


Grade II I. Absence of gills and gill-slits 
in adult (Caduci branchiate condition) is 
the most advanced forms,e.g., Megalo- 
batrachus , Salamandra , Triturns. 

Ofder Salientia 

The order Salientia includes the toads 
and frogs. This order is also named as 
Anura or Balracliia Ecaudata or Balra- 
chia. The members of this order are re¬ 
garded to be the highly developed forms 
amongst the amphibians. They arc' charac¬ 
terised by having many specialised charac¬ 
teristics. These are:'(1) The body is short 
and broad. (2) The post anal tail is absent. 
(3) The limbs arc well-developed. The hind- 
limbs are longer than the forelimbs and are 
four jointed. (4) The eyelids are well- 
formed. (f>) The tympanum is distinct. 

The frontal and parietal bones of the skull 
are mostly fused to form lVontoparietals. 
(7) The mandible is devoid of teeth. -(B) 
Neoteny is not observed in the larval forms. 
(9) There is no trace of external gills and 
gill-slits in adult. 

The order Salientia includes five sub¬ 
orders depending on the nature of the 
centra. The suborders are: # 

Suborder Amphicoela * 

T he members of this suborder are re¬ 
garded to be the most primitive anurans 
and are characterised by having amphi- 
eoelous vertebrae. This suborder includes 
only one family. Liopchnidar. Examples: 
Ascaphus , l.iopelma. 

Suborder Opisthocoela 
This suborder is represented by two 
families, Discoglossidac and Pipidae. They 
have opisthocoelous centra and short sca¬ 
pulae. The ribs are free. The members of 
the family Pipidae are tongueless. Exam¬ 
ples: Alytes, Pi pa, Xennpus . 

Suborder Anomocoela 

The vertebrae of the forms included 
under the suborder are procoelous in 
nature. Free ossified ribs arc absent. The 
ninth vertebra is usually fused, if free, only 
one articular condyle is present. Family 
Pelobatidae is included midcr this sub¬ 
order. Examples: Pelobates, Soogiossus , Mego- 
phrys , Nesomantis. 

Suborder Procoela 

This suborder embraces three living 
families, Bufonidae, ffrachycephalidae and 
Hylidae and one extinct family, Palaeo- 
batrachidae. The vertebrae are procoelous. 
The urostyle articulates with the posterior 
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end of the ninth vertebra by two condyles. 
Examples: Bufo, Dendrobales , Hyla, Hylo - 
rina, Neclophrynoides , Pseudo bufo, Brachyce- 
phalus. 

Suborder Diplasioroela 

This suborder is cxarnplified by the true 
frogs. The vertebrae are procoelous except 
the eighjh one which has amphicoc- 
lous centra. The centrum of the ninth ver¬ 
tebra shows convexity anteriorly and it 
bears double condyles posteriorly. This 
suborder includes three families: Ranidae, 
.Polypedotidae and Brevicipitidao. Exam¬ 
ples: Ran a, Poly pc dales, Breviceps. 

GENERAL NOTES ON AMPHIBIA 

The living amphibians exhibit (Inverse 
structural adaptation. The caeciliaiis have 
a degenerated structural organisation and 
they furnish all the basic mod ideations for 
fossorial life. They arc the most primi¬ 
tive forms amongst the living amphi¬ 
bians. The modern urodeles have a large 
number of families arid genera. Although 
built on a common fundamental plan, 
each family is characterised by having 
peculiar 'anatomical structures. The uro- 
ddes include many giant forms. The lar¬ 
gest amphibia is the Megalobalrachus which 
may even reach a length of about: 1.60 m. 
Most of the urodeles are aquatic. The ter¬ 
restrial forms have limbs and are planti¬ 
grade. Anatomically, the urodeles occupy 
an intermediate position between the 
caeciliaiis and the anurans. The armrans 
constitute the highly specialised forms 
and show wide range of adaptive radia¬ 
tion. Hyla shows an adaptation for arboreal 
life and possesses adhesive discs at the tip 
of the digits. The plate-like adhesive discs 
are not suctorial in action, but have a 
moist, corrugated antiskid surface which 
helps in adhesion to the tree. During 
climbing, a sticky secretion is expelled from 
the adhesive discs by the action of colla¬ 
genous fibres which operate the glands. 
The adjustment of the adhesive discs is 
facilitated by the development of inter¬ 
calary cartilage between the terminal and 
penultimate joints. Another tree-frog, 
Chiromantis , has opposable digits. In most of 
the tree-frogs, the webs between the toes 
are absent or reduced, excepting in Rhaco- 
phorus of East Africa where the elongated 
digits are webbed. It has been recorded 
that Rhacophorus rnalabaricus can glide from 
a height of more thaA 9 m and Hyla venu- 


losa can glide from a height of 42 m quite 
effectively. In llyla venulosa the digits are 
not webbed. 

SKIN 

The skin of amphibians consists of epi¬ 
dermis and dermis. The epidermis consists 
of several layers and is renewed by eedysis. 
This process of renewal is controlled by the 
pituitary and thyroid glands. Localised 
thickening in epidermis is observed in the 
larvae, specially in the formation of the 
horny larval jaws and teeth. The warts of 
toad are also the instances of such thicken¬ 
ings. The skin of modern amphibians is 
naked and remains moist due to the 
secretion of integumentary glands. The 
moist skin is necessary for respiration and 
also possibly for temperature regulation. 
There are two types of* skin glands in 
amphibians. These are: mucous glands 
and poison glands. The mucus secreted by, 
the mucous glands keeps the skin moist . 
The poison glands are well-developed in 
toad and salamanders. The parotid glands 
of toad are the best examples of the poison 
glands. Most.of the warts on the dorsal 
surface of t he toad open to the exterior by 
a minute opening which leads into poison 
gland. The gland produces active toxins. 
The secretion is venomous and causes 
nausea, respiratory and cardiac disfunc¬ 
tions. The toxins are isolated as the bufogin 
and bufotalin. The. poison of Dendrobales arts 
on the nervous system. The secretion of the 
dorsal glands of a warty Newt (Triturns 
cristatus) is venomous. The poison glands 
arc defensive organs. The skin of the larval 
amphibians is ciliated. The colour of the 
skin of amphibia may vary from dull to bri¬ 
lliant. The urodela usually shows brilliant 
colouration which has a protective value. 
The green colouration of tree-frogs is a pro¬ 
tective device, because it harmonises with 
the surrounding green foliage. The spotted 
salamander and some frogs exhibit warning 
colouration. In some tree-frogs, the bright¬ 
ness of the body colouration may vary with 
the change of intensity oflight. The colour 
change is caused by the physiological 
adjustment of the deeply seated rnelano- 
phores, gitanophorcs and overlying lipo- 
pliores. 

SKELETAL STRUCTURES 

Exoskeleton. The exoskeleton was pre¬ 
sent in fossil amphibians. But in modern 
forms it is restricted to majority of the 
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caecilians and some anurans. In caelicians, 
clusters of small dermal scales lie in the skin 
in most of the cases. In a few toads, bony 
plates remain embedded in the skin of the 
back and these are dermal in origin. In 
Brachycephalus of Brazil, the dermal plates 
on the back become fused with the neural 
spines. Small and horny claws are present 
in an Asiatic urodele, Onychodaclylus 
and in an African toad, Xenopus. In 
Pelobales , the highly cornificd areas on the 
feet can be compared with the epidermal 
scales. 

Endoskeleton. The skull in the living 
amphibians varies greatly. There is a 
general tendency towards reduction in 
the thickness and number of dermal ele¬ 
ments. The interptcrygoid vacuities and 
the orbits are greatly enlarged. The rami of 
the lower jaw are short and the skull be¬ 
comes much Battened. The skull of the 
anurans is highly specialised amongst the 
amphibians. The interparietal foramen 
(present in fossil amphibians) is totally 
absent in modern amphibians. The skull of 
toads is devoid of teeth, but in Amphigna- 
ihodon true teeth are present on the lower 
jaw. In frogs, teeth are present on the upper 
jaw. The skull of urodcles has certain pecu¬ 
liar features of its own. It is less specialised 
than that of anurans and differs in many 
important respects. The chondrocranium 
is of lower organisation with many degene¬ 
rative or paedomorphic features. The 
parictals arid frontals are separate and in 
some forms both laerimals and prefrontals 
are persistent. The skull of urodcles differs 
from that of anurans by having a large 
prevomcr. In caecilians, the skull is pecu¬ 
liar. It has large investing bones and a 
small but complete orbit is present there. 
The skull is a rigid structure. The com¬ 
pactness is correlated with the burrowing 
habit. The lower as well as the upper jaws 
bear teeth. Like that of urodcles, a tooth¬ 
bearing coronoid is present in the man¬ 
dible. 

The vertebral column in amphibia is 
largely bony and the vertebrae are arti¬ 
culated together. The flexibility of the ver¬ 
tebral column is lost to give more strength. 
This modification is due to the lifting of 
the body on the limbs. In urodeles which 
spend much of the time in water, the ver¬ 
tebrae lack ossification and notochord per¬ 
sists to help in swimming. The transition 
kA > from aquatic to terrestrial life causes the 
shortening of the vertebral column. In 


anurans, the vertebral column is composed 
of nine vertebrae and an unseginented 
urostyie behind. The vertebral column is 
differentiated into: (1) the cervical region 
represented by the atlas , (2) the thora- 
columber region with variable number of 
vertebrae, (3) a sacral region containing a 
large vertebra and (4) a caudal region 
comprised of the tail vertebrate The uro¬ 
styie represents the caudal region in anu¬ 
rans. The transverse processes and zygapo- 
physes are well-developed for the attach¬ 
ment of muscles. The number of vertebrae is 
variable. It may extend up to 250 in uro¬ 
dcles and caecilians. In anurans, the verte¬ 
brae are procoelom except the ninth verte¬ 
bra of liana which is opisthocoelous , i.e., the 
anterior surface of centrum is convex while 
the posterior surface is concave. But in uro¬ 
dcles, two types of vertebrae are encoun¬ 
tered. The primitive urodele as exam- 
plificd by Ambystoma has amphicoelous ver¬ 
tebrae and the higher urodeles possess 
opisthocoelous vertebrae. Some primitive 
frogs examplified by Ascaphus and Liopelma 
have free ribs. The skeletal features of the 
girdles and limbs have changed consider¬ 
ably in amphibians. 'The basic plan of thf 
limbs and girdles remain same throughout 
the group. In caecilians these are secon¬ 
darily lost due to fossorial adaptation. The 
peculiarities of the appendicular skeleton 
in urodeles and anurans have already been 
discussed. In the fishes, the girdles and 
paired fins are small and are largely carti¬ 
laginous, but in amphibians the girdles 
have become great ly enlarged and modified 
due to their weight-bearing function. The 
appendicular skeleton in urodeles is great¬ 
ly simplified, but in anurans these are high¬ 
ly developed and arc quite suitable for 
terrestrial mode of life. 

DIGESTIVE SYSTEM 

The adult amphibians feed mostly on the 
arthropods, but the larval forms are usual¬ 
ly omnivorous. They may be cannibals. 
As a result of similar food habits, the diges¬ 
tive system shows little variation. In most 
amphibia excepting the toads, the teeth 
are present. The teeth are borne on the 
premaxillae, maxillae and vomer. The 
teeth arc very small and pointed and are 
used only to catch the prey. Biting teeth 
are present in adult Ceratophrys ornata. 
Amphignathodun , a South American tree- 
frog, possesses teeth on the lower as well as 
on the upper jaws. The salivary glands are 
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absent but some oral glands are present 
which produce mucus. In terrestrial amp¬ 
hibians, cilia are present in the oral cavity 
which keep the oral fluid iri movement. 
In case of many urodcles tongue is immo¬ 
vably fixed. It may be movable as in most 
anurans but it is free behind and fixed 
anteriorly. The tongue is used to capture 
the prey. The adhesive powci of the tongue 
is enhanced, particularly in the frogs, by 
the secretion from the lingual and internasal 
glands . The tongue is altogether absent 
in Xenopus and Pipa. 

The oesophagus is a simple tube and is 
not sharply distinguishable from the sto¬ 
mach. The stomach is simple with folded 
mucous layer. Simple tubular gastric 
glands open in the folds. T hese glands are 
composed only of one type of cells. T he 
glands produce pepsin and hydrochloric 
acid. The intestine is short in adult 
amphibians and is marked off from 
the stomach by having a well-developed 
pyloric sphincter. But the intestine in 
omnivorous larval forms is much coiled 
like the spring of a clock. 

The liver and the pancreas have typi¬ 
cal histological picture and produce bile 
and pancreatic juices. The amphibian can 
live for a considerable period of time with¬ 
out taking any food. The cave-dwelling 
urodcles arc the typical examples. Axolotl 
larva may remain alive for about 650 days 
in starvation. 

RESPIRATORY SYSTEM AND SOUND PRO¬ 
DUCTION 

The adult amphibians are lung-brea¬ 
thers. The skin acts as an accessory respira¬ 
tory organ both in water and on land. 
The skin is highly vascular and specially 
so in the buccopharyngeal cavity. The 
larval amphibians respire in water by 
the gills. Such gills are retained in many 
adult urodcles. Few urodelcs retain external 
gills as the respiratory organs in adult. 
Both external and internal gills are present 
in anuran larvae. Ascaphus, Jiving in 
the mountain stream of U.S.A., has re¬ 
duced lungs. It helps the animal to live 
in water. In perennibranchiate uro- 
deles the lungs are simple saccular organs 
and the hydrostatic function is predomi¬ 
nant. In Salamandra alro and Desmognathus , 
the lungs are absent. In Astylosternus , an 
African frog, the lungs are vestigial. In 
caccilians the tracheal lung may be pre¬ 
sent but the left one is always rudimentary. 


In aquatic urodcles, the lungs act secon¬ 
darily as hydrostatic organ. In all these 
above cases, respiration is exclusively 
pharyngeal and/or cutaneous. In almost 
all amphibians cutaneous respiration is a 
remarkable supplementary respiratory ad¬ 
aptation. In Cryptobranchus , there are vas¬ 
cular folds in the epidermis into which 
blood capillaries penetrate. 

The amphibians are virtually the pio¬ 
neers where true voice is produced by the 
vocal organ. The production of sound is a 
protective response for fear and the inales 
call the females during breeding season. 

T he noise is produced by the vibration of 
the vocal cords in the laryngotracheal 
chamber. The vocal sacs iri the males of 
some anurans, developed as the buccal 
outgrowths, subserve as resonator. 

CIRCULATORY SYSTEM 

The heart of amphibia consists of a sinus ■ 
venosus, two auricles, an undivided ven¬ 
tricle and a conus arteriosus/ The loll 
auricle is absent in the plethodoritid uro¬ 
delcs where the lungs and the pulmonary 
veins are missing. The auricles are com¬ 
pletely separated by a complete inter- 
auricular septum. It is perforated in Sala¬ 
mandra or may be fenestrated with inter¬ 
vening spaces in lungless urodcles. The 
venus blood returns to the right auricle 
while the left auricle receives oxygenated 
blood. The spiral valve is present in anu- 
ran hcart~but it may be reduced in mo¬ 
del es or absent as in JSfec turns, Cryptobranchus 
and the caccilians. In all the amphibians 
where the conus arteriosus is present then* 
arc two sets of valves which prevent the 
back flow of blood. In the urodelcs where 
gills are retained in adults, the pattern of 
circulatory system is essentially fish-like. 
'The venous system of the urodcles repre¬ 
sents a transitional stage between the fish 
and the anurans. The R.B.C. in amphibia 
is nucleated and oval. One of the notable 
features to record is the presence of largest 
R.B.C. amongst the vertebrates. There are 
three types of leucocytes in amphibians. 
These are lymphocytes, monocytes and 
polymorphs. 

NERVOUS SYSTEM 

The brain of amphibia is basically built 
on the same fundamental plan in all forms. 
The prosencephalon is represented by two 
large evaginated cerebral hemispheres. The 
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pineal organ is a simple sac in most cases, 
but in a few amphibians this forms a reti¬ 
na-like structure. The optic lobes are well- 
developed. As the amphibians are sluggish 
animals, the cerebellum is simple. 

Sense organs 

The sense organs are well-developed. 
Many aquatic adult amphibians and the 
larvae possess simple lateral line organs in 
the form of clusters of cells in an open pit. 
The skin contains tactile sense organs and 
cheinoreceptors. The olfactory organ works 
both in water and on land. Organ of 
Jacobson is present in most amphibians. Il 
is a special sensory sac developed as a di¬ 
verticulum from the olfactory chamber. It 
serves to test the scent of the food taken 
inside the mouth. It is absent in Proteus 
and Necturus. 

Eyes. The eyes of amphibia exhibit cer¬ 
tain modifications due to transition from 
water to land, in water the eyes were adap¬ 
ted for short-sighted vision but on land 
long-sighted vision becomes necessary. The 
eyes are extremely degenerated in caeci- 
liaus and also in cave-dwelling urodeles. 
The eye-ball is more or less spherical with 
a rounded cornea. The lens is flattened in 
terrestrial amphibians, but in aquaiic forms 
it is rounded. The eyelids are usually pre¬ 
sent in terrestrial forms excepting some 
primitive members. In tree-frogs, the eye¬ 
lids may be transparent. The lacrymal 
glands are present in all the terrestrial 
amphibians. In aquatic amphibians the 
lacrymal glands are absent but the lacry- 
mal ducts are still retained in many cases. 
In some eaecilians, a single lacrymal gland 
occupies a position in the sightless eye- 
socket to lubricate the sensory tentacle. In 
all amphibians the skin is also sensitive to 
light. This is highly developed in cave¬ 
dwelling urodeles. 

Ear. The membranous labyrinth is com¬ 
posed of an utriculus with three semicircular 
canals, a sacculus with an outgrowth called 
the lagena. The middle ear consists of a 
funnel-like cavity which communicates 
with the pharyngeal cavity by eustachian 
tube. In this cavity. a k rod (columella) is 
present which transmits the sound waves 
to the internal ear. The columella fits into 
the fenestra ovalis by a broad foot ( oiosla - 
/w)..Thc fenestra ovalis is partly occupied 
by a plate ( operculum ). So the transmiting 
rod is divided into an inner part (otostapes 


and operculum) , a medium part called the 
mediostapes and an outer part designated as 
the extracolumella. In urodeles, eaecilians 
and some anurans, the tryinpanic cavity 
and extracolumella may be absent. Gry- 
ptobranchus lacks the operculum. This 
is also absent in Xenopus and Pipa. In a 
terrestrial anuran, Bombinator , the tympan* 
urn and columella are greatly reduced. 

U R1 NOGEN1TAL SYSTEM 

The kidneys in amphibia arc of opistho- 
nephric type and retain the characteristics 
of fishes. The shape of the kidneys corres¬ 
ponds to the shape of the body. In urodeles 
and in a primitive frog, Ascaphus the kid¬ 
neys are elongated. Each kidney is divided 
into an anterior narrow nonrcnal part and 
a broad posterior renal part. In eaecilians 
the kidneys are also extremely elongated 
and occupy the whole length of the body 
cavity. 1 n ease of anurans the kidneys be¬ 
come condensed and divided into lobes. 

In amphibians, the genital organs deve¬ 
lop from the genital ridges. Each such 
ridge is situated on the venlromedian as¬ 
pect of the developing mesonephros. Tty* 
genital ridge is divided into three sectors: 
(1) anterior part ( progonalis ), (2) middle 
part (gonalis) and (3) posterior (epigonalis ). 
The gonads proper develop from the gona¬ 
lis. In anurans, the fat bodies develop from 
the progonalis while in the urodeles and 
eaecilians, the fat bodies develop from the 
entire genital ridge. The testes in different 
amphibia assume various shapes. In caeci- 
lians, each testis is an elongated body and 
looks like a string of beads. The testes dis¬ 
charge through the kidneys by the vasa 
efferentia. So the Wolffian or mesonephric 
duct serves as an urinogcnital duct: in male 
and as an ureter in female. In toads, a spe¬ 
cial Bidder’s organ is present. This organ is 
better developed in males. The function of 
this organ is not known. Tt is assumed to 
be an endocrine organ, because it under¬ 
goes a cycle of size change. This organ is 
capabie of developing into an ovary after 
castration in either sex. The Bidder’s or¬ 
gans develop from the gonalis sector just 
anterior to the gonad proper. The Mulle¬ 
rian duct is transformed into the oviduct in 
female. The fematy gonoduct becomes 
modified in accordance with the modes of 
reproduction. In anurans the uteri exhibit 
great modification. Bhaduri has classified 
the uterus of anurans into three broad 
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categories (Fig. 6.32): (1) Uterus separatus, 
(2) uterus septatus and (3) uterus communis. In 
Rana and Xenopus two uteri remain separate 
along their course and open into the 



Fig. ii.32. Ulmis in anuruns. A. Uterus separa- 
tus in Ram. IV Uterus septatus in Rhinoderma. U. 
Uterus eomrmmis iu Dnnhobutes. 


cloaca by independent opening. This con¬ 
dition is called the uterus separates. In Bufo 
and Rhhwderma a septum runs antcropos- 
teriorly between two uteri, blit posteriorly 
form a common uterus by fusion at the 
the terminal ends. This condition is called 
uterus septatus. The, two uteri have a 
common * opening into the cloaca. The 
degree qf fusion varies greatly and finally 
in Dendrabates two uteri become confluent 
into an unpaired common uterus. The 
median partition wall between the uteri is 
absent. This type of uterine condition is 
called the uterus communis. The uterus sepa¬ 
rate is comparable with the duplex type, 
the uterus septatus with the uterus bipar¬ 
tite and uterus bicornis types and the 
uterus communis with the. uterus simplex 
of the mammals. 

REPRODUCTION AND DEVELOPMENT 

In majority of the amphibians, external 
fertilization is the rule. They are oviparous. 
But several instances of ovoviviparous con¬ 
dition arc encountered. In case of Salarnan- 
dra alra the eggs are retained inside the ovi¬ 
duct. where intrauterine development oc¬ 
curs. In most urodcles, the* spermatozoa 
are transferred to the body of the female in 
the form of spermatophores. Jn almost all 
amphibians the ontogenic development is 
indirect, i.e., accompanied by well-marked 
metamorphosis. Most of amphibians under¬ 
go complete metamorphosis but some uro- 
deles retain the larval features and become 
neoteric. The most remarkable instance of 
neotenous form is the Axolotl which breeds 
in larval slate. * 


PARENTAL CARE 

The amphibians were the pioneers 
amongst the vertebrates to invade the land. 
On coming to this new environment they 
had to face many hostile forces and 
they had to develop various ways and 
means to overcome the obstacles. Natu¬ 
rally the greatest importance was given to 
the perpetuation of race, so that they can 
ultimately win the struggle. As a result, ‘ 
the reproductive mechanism has under¬ 
gone extensive modifications. Perpetuation 
of race can be maintained cither by the 
process of overproduction of eggs or by 
caring of a small number of eggs. Rearing 
or care of the offsprings is an achievement 
in the trends of evolution. It will be unwise 
to think that the care of youngs is a mam¬ 
malian monopoly. Although it has taken 
a perfect shape in mammals, the pheno¬ 
menon of parental care is quite well-deve¬ 
loped in amphibians where extreme modi¬ 
fications in structure and behaviour are 
observed. Parental cart! is mostly a modi¬ 
fication in the parents to take care of the 
offsprings so that with a meagre number 
of eggs continuation of race can be main¬ 
tained. 

Ways by which parental care is effect¬ 
ed: 

The parental care in Amphibia seems to 
have developed independently in the ani¬ 
mal kingdom. 'There are various ways by 
which the parental care is manifested in 
amphibians. 

Selection of site. Care of the eggs is restric¬ 
ted to the selection of site in certain frogs 
and toads. In Rhacophorus schlegli of Japan, 
the eggs are laid in a hole in a muddy bank 
of river or ponds. The eggs are covered by 
foamy mucus to prevent desiccation. The 
eggs are washed out into the water of the 
river or ponds by the rain and develop¬ 
ment starts there. In Gyrinophilus , the eggs 
are laid under the stones in stream. The 
eggs are then taken up at any part of the 
body and a secretion prevents growing of 
fungi over them. Eggs are laid under the 
surface of leaves hanging above w'ater in 
Hylodes. In Trilon 'dnd Leptodactylus the eggs 
are laid under the surface of leaves near 
the vicinity of water. In Triton , the eggs. r 
in ay be fixed w'ith the aquatic weeds by 
glues. In hynobiid salamanders, the males 
remain with the eggs for fertilization and 
take active interest of the eggs. 
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Frothing of water. In Rkacophorus maculatus 
just after the laying of the eggs, the surroun¬ 
ding water is made frothy by the wriggling 
movement of hindlimbs, so that the eggs 
arc prevented from desiccation and also 
can escape the sight of enemies. Both 
males and females participate in this pro¬ 
cess. 

Formation of nests. After laying of eggs 
the parents lake care of them by building 
nests. Mud nest. In liyla faber> parents dig a 
small hole in the mud for the developing 
eggs and the surplus mud acts as the wall 
(Fig. 6.33A). Leaf' nest. In Phyllomedusa , a 
South American tree-frog, the leaf nest is 
produced by folding the margin of the 


leaves. Leave •margins are glued together 
by cloacal secretion. It has an aperture 
at the base and the nest overhangs 
watery area. Shoot nest. Triton constructs 
shoot nest by iixing the shoots of the 
trees in which the eggs are deposited and 
the youngs are developed. The whole nest 
is covered by a gelatinous secretion. 

Carrying the eggs over the body. 1 n liyla 
goeldii , the females carry the eggs on their 
back in incipient brood pouches. In mid¬ 
wife toad, Alytes ohstetricans of Europe, the 
male helps the female to discharge the eggs 
by massaging the cloaca. Alter fertilization 
the eggs are wrapped round the back of the 
thigh and are carried from one place to 



Fig. 6.33. Parental care in amphibians. A. Nlud nests of Hyla. B. lchthyophis coiling round the eggs. C. 
Cryptobatrachus evansi. The brood pouches are opened to show the developing eggs. D. Desmognathu 
fuscus with eggs. E,. Pipa pipa. E 2 . Pseudoplacentation in Pipa dorsigera. F. Gastrotheca. G. Alytes. 
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the other. (Fig. 6.33G). In Desmognathus , 
the females carry the eggs (Fig. 6.33B) and 
live in underground hole. In Pipa pipa , the 
eggs arc; carried by females on the back. 
Similar phenomenon is observed in Crypto- 
batrachus evatisi (Fig. 6.33C). The soft 
spongy skin on the dorsal side sink into 
small pockets into which eggs are lodged 
(Fig. 6.33E,). The same phenomenon is 
also observed in Pipa dorsigera where the 
eggs are deposited in pits on the back of 
females. During breeding season, the dor¬ 
sal skin of the females becomes soft, 
spongy and gelatinous. The male places 
the eggs on the back of female; where each 
egg sinks into a small pit. An operculum 
covers the pit. It is developed out of the 
remnant of the egg envelop and integu¬ 
mentary secrelion. Development is com¬ 
pleted inside the cutaneous pit. The parti¬ 
tion between the pits becomes highly vas- 
cularised. The developing larva attains a 
vascular tail (Fig. 6.33E a ). Physiological 
exchange of materials between the em¬ 
bryonic and maternal tissues is claimed to 
occur in this animal. The larva fails to 
develop gills and the tadpole; larva comes 
out after BO days of the deposition of the 
egg. 1 n Notolrema ( - Gastrotheca ) pygmaeum 
(Fig. 6.33F) only a few eggs develop in the 
brood pouch on the back of the female. 
Each pouch bears a small slit-like opening 
in the posterior side. In Notolrema mar.su - 
piata , the youngs hatched out as the tadpo¬ 
les while in N. oviferum the metamorphosis 
is fully completed inside the brood pouch. 

Carrying the larvae from one place to other. 

In Arthroleptis the larvae are attached to the 
males and are -carried from one pond to 
the other. At the time of danger they are 
kept inside the buccal cavity. 

Placement of the eggs in safest part. In ovi¬ 
parous caecilians as exarnpliflcd by Ichthyo - 
phis the body remains coiled round the 
egg mass to guard them until hatching 
(Fig. 6.33B). But in ovoviparous caecilian, 
Geo try petes the eggs are yolky and migrate 
to the last part of the oviducts. When the 
yolk is exhausted and the external gills at¬ 
rophied, the embryos, about 25 mm long, 
hatch and remain inside the oviducts till 
the embryos become 75 mm in length. 
The developing youngs get nutrition from 
the uterine ‘milk’. Metabolic exchanges 
also Occur between the vascular maternal ^ 
and featal tissues. In Rhinoderma darwini , 
the eggs are swallowed %y the males and 


are placed inside the inflated vocal sac 
where the eggs may remain there uptil 
hatching or even upto the completion of 
metamorphosis. 

Viviparity. Extreme modification is ob¬ 
served in Salamandra atra and S . maculosa . 
The eggs are placed inside the uterine 
cavity where entire tadpolehood is com¬ 
pleted. Two eggs are laid at a time. The 
larvae are attached with the uterine wall 
by membrane which functions physiolo¬ 
gically in the manner of a primitive pla¬ 
centa. The broad and vascular tail also 
helps in metabolic exchanges. 

The foregoing description reveals some 
of the ways by which parental care is 
effected in different amphibians. The 
question now is whether this phenomenon 
of parental care in amphibians has any 
parallelism with that observed in mam¬ 
mals. Experimental evidences on this par¬ 
ticular issue is meagre to establish the 
actual controlling mechanism. It is certain 
Lhat the care of the youngs in amphibians 
evolved probably in response to their habit 
and the environment they live. Two alter¬ 
nate explanations can be forwarded. These 
are: (1) The care of youngs by the parents 
is largely behavioural and mechanical in 
nature which may be influenced by the 
hormonic actions. (2) The care of youngs is 
either instinctive or due to the reflex action 
developing during the breeding season. 
This contention seems more convincing. 
The care oF*ggs or youngs is largely, if not, 
purely instinctive in nature rather than 
anything else. 

ORIGIN OF AMPHIBIA 

During the middle of Devonian time, 
the bony fishes had differentiated into the 
actinopterygians on one hqjid and into the 
dipnoans and crossopterygians on the 
other. The climax of evolution was reached 
when the descendents of some crossoptery- 
gians left the water and invaded the land. 
This event of transition from the water to 
land ushered in a new phase in verte¬ 
brate evolution, the beginning of the land 
vertebrates. The amphibians started the 
beginning of tetrapod history. By inva¬ 
ding a new environment on land, the 
amphibians opened broad avenues for 
further evolution over a wide range of 
structural and functional adaptations. Be¬ 
fore going into the discussion on the ances¬ 
try of the amphibians, the steps the first 
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amphibians have taken to meet the basic 
requirements for life on land are described 
below: 

(1) The amphibians have developed 
two pairs of limbs. These are well- 
equipped with adequate muscles and 
strong girdles to lift the body away from 
the frictional contact of the ground. The 
carrying of the weight of body on the 
four limbs has caused great change in the 
vertebral column. The vertebral column 
loses flexibility to give rigidity. 

(2) The problems of breathing in air 
are solved by developing well-formed 
lungs for gaseous exchange in air. The 
moist skin in modern amphibians also 
acts as an accessory respiratory organ. 

(3) All amphibians possess well-deve¬ 
loped vascular system, a new scheme for 
the development of lungs, i.e., introduc¬ 
tion of pulmonary circuit. This has 
caused tremendous change in the struc¬ 
ture of the heart and the circulatory 
system as a whole. 

(4) Development of a middle ear 
cavity with a bone to transmit the vib¬ 
rations from tympanum to inner car 
helps in the intensification of the sound 
waves of air. 

(5) The skin becomes suited for terres¬ 
trial life to resist desiccation. 

Search of ancestry 

The modem tcieosis, as already dis¬ 
cussed, have reached the peak of evolu¬ 
tionary success amongst the primary water- 
living vertebrates. They have undergone 
extensive adaptive radiation. The breath¬ 
ing fishes, the dipnoans and the crossop- 
terygians exhibit a close relationship with 
the amphibians and it is an apparent bio¬ 
logical truth that a group of such lung- 
fishes gave rise to the new terrestrial popu¬ 
lation-the amphibians. So the chance for 
dipnoans and crossopterygians to hold the 
significant position in amphibian ancestry 
needs consideration. How did the early 
amphibians meet the new requirements 
imposed upon them as a result of change 
from an aquatic to terrestrial life is to be 
solved first. 7’he early amphibians must 
have fulfilled the basic requirements for 
living on land by making the following 
modifications: (1) Partial loss of armours 
al ;hough present in some earliest amphibia, 
e.g., Stcgoccphalians. (2) Loss of unpaired 
fins. (3) Development of terrestrial ap¬ 


pendages by transforming the paired fins 
into limbs. (4) Loss of internal gills and 
acquisition of Jungs. 

Dipnoi foreshadowed amphibian organi¬ 
sation. It was a general belief that the dip¬ 
noans stand in the direct line of telrapod 
descent, because the dipnoans show- many 
structural and functional resemblances 
with the amphibians. Although the pec¬ 
toral and pelvic girdles in dipnoans cannot 
support the weight of the body on land, 
these girdles foreshadowed some amphi¬ 
bian features in several ways. These arc: 

(1) The internal skeleton of the paired 
appendages is well-developed in dipnoans. 

(2) Paired appendages articulate with the 
respective girdles by a single proximal 
bony piece, which can be compared with 
the humerus or femur. (3) Outward ex¬ 
tension of myomeric muscles into the 
paired fins is quite suggestive' of the arr¬ 
angement of musculature of the paired 
appendages of Amphibia. (4) Ability to 
breathe air by lungs (modified swim- 
bladder). (5) .Pectoral girdle of Necturus 
resembles closely that of dipnoans. Al¬ 
though the dipnoans present soifie special* 
isations towards a method of living out of 
water, the total evidences direct quite 
clearly to the fact that they are not on the 
direct line of emergence' of amphibia from 
fishes. The dipnoans exhibit too many 
specialised features and such a specialised 
group cannot hold the ancestry of another 
group of animals. Striking similarities, es¬ 
pecially in circulatory and respiratory sys¬ 
tems, arc possibly due to the physiological 
convergence for living in similar condition 
of life. The dipnoans, today, give an idea 
of the form that probably linked the fishes 
with the amphibians. The dipnoans arc 
usually regarded as the collateral uncle of 
the amphibia. 

Crossopterygians direct the channel of 
amphibian evolution. To tract' the direct 
line of amphibian origin from the fishes, 
the importance of the crossopterygians in 
holding the probable starting point needs 
consideration. The early crossopterygians, 
as examplified by the Devonian genera, 
Osteolepis and Euslhenopteron furnish the 
stTongest support. Because they possess 
many features which*are certainly amphi¬ 
bian or lead towards amphibia. The feat¬ 
ures are: (1) Bony pat tern of jaws and skull 
are comparable to that observed in early 
amphibians. (2) Two large bones on the 
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top of skull can be homoiogised as the 
amphibian parietal bones. (3) Pectoral 
girdle presents certain features which are 
rcrequisites for amphibian forelimbs. (4) 
kull of Eusthcnoptcron contains almost 
all the elements observed in the early 
amphibians. (5) Pec toral fm ofEusthenop- 
teron can be compared to the forelimbs 
of amphibia. The single proximal piece 
of bone can be homologised with the 
humerus and the next two pieces can be 
compared to radius and ulna. (6) Various 
wrist and ankle bones, the bony elements of 
hand and foot have evolved from the dis¬ 
tal bony c omplex of the erossopterygian 
fins. Thus, in many respects, the erossop- 
terygians show close similarities with the 
amphibians and it is expec ted that these 
fishes are the direct progenitors of the early 


amphibians. The most dramatic event to 
note in amphibian evolution is the trans¬ 
formation of the erossopterygian paddles 
into amphibian limbs. The sequences how 
the amphibian limbs arose from a fish fin 
is a controversial issue. It is probable that 
the lobed fins of crossopterygians specially 
seen in Eusthcnopteron have become trans¬ 
formed into the tetrapod limbs. As the fish 
came on the land, the paired appendages 
perhaps first carried only the weight of the 
body and the muscles of the appendages be¬ 
came capable of only forward and back¬ 
ward movements. With the evolution of 
the tetrapods on land, the limbs became 
elongated and shifted under the body u> 
raise the body further away from the 
ground. While on land the muscles be¬ 
came modified and arranged around the 



Fig. 6.34. Schematic diagrams of the supposed transformation of erossopterygian pectoral and 
pelvic girdles and fins into the corresponding appendicular structures of amphibians (after 
Young). A. Crossoptcrygian pectoral girdle and fin. (a) Eusthenopteron . (b) Eogyrius . (c) Eryops. B. 
Grossopterygian pelvic girdle and fin. id) Hypothetical stage, (e) Eusthenopteron. ( f) Trematops . 
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shoulder and hip joints for balanced 
movement on land. For the attach¬ 
ment of the muscles the girdle became 
expanded into plates consisting of diffe¬ 
rent characteristic pieces. The shoulder 
girdle of an earliest amphibia, Eogyrius 
inherited a shoulder girdle closely simi¬ 
lar to the Osteolcpis. Fig. 6.34 gives an 
idea of the possible stages of transfor¬ 
mation of the crossopterygian girdles 
and fins into the tetrapod girdles and limbs 
respectively. The actual and documentary 
transitional limb is still unknown. But the 
most ancient footprint of Tianopus throws 
much light on the process of transforma¬ 
tion. 

Factors that caused amphibian Evolution. 

What were the factors that led the 
Crossopterygians to leave their primal aqu¬ 
atic home and to come to land ? Romer sug- 


which has been imposed repeatedly upon 
the crossoplcrygians by recurrence of hos¬ 
tile environment. Most probably, during 
late Devonian period, due to excessive 
periodic drought, crossop terygians were 
forced to search for new fresh water streams 
and lakes, where they can live and thus 
escape the risk of survival. By this way 
they had to cross dry land to find suitable 
water. From such a start the amphibians 
evolved in the geological age and became 
adapted to the new terrestrial environ¬ 
ment. 

Probable ancestry During thi' Devonian 
time, some of the crossopterygiaus came 
out on land. This group was probably 
the rhizodonts bring represented by the 
Osteolcpis and Euslhenopleron. It was a 
very significant step to come into a coin- 
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gested that it was the desire for more water 
that caused the first excursion, of crossop- 
tcrygians from one place to other. Berrill 
is inclined to Lhink that the enemies in the 
water forced the crossopterygians to leave 
for land* Other factors are the abundance 
of food in land, lure of atmospheric oxygen 
and recurrence of unfavourable environ¬ 
ment. It seems that the real cause is nei¬ 
ther safety nor food nor the desire to 
breathe atmospheric air, but an adaptation 


plctely new environment. On coming 
to land these advanced air-breathing 
fishes became transformed into primitive 
amphibians. Figure 6.35 shows the phylo¬ 
genetic tree of the amphibians. Ichthyostega 
exhibited a transitional phase by possess¬ 
ing an admixture of piscine and amphi¬ 
bian characters. Ichthyostega, although 
retained many distinct piscine characters, 
has paved the path of amphibian evolu¬ 
tion. 
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SUMMARY 


(JjCriie amphibians were the pioneers amongst 
the tetrapods in the phylogenetic history of the ver¬ 
tebrates. They constitute a special class of back¬ 
boned animals that invaded a new environment on 
land from water where their progenitors lived for 
millions of years!) They were the dcscendeuts of 
some crossoptrrygian fishes of the Devonian period. 

(?.) While coming on land, the amphibians 
underwent tremendous biological changes to be¬ 
come land-living animals. Such evolutionary deve¬ 
lopment was necessary for the change from an 
aquatic to lerrestrial mode of life. 

(3) The amphibians, as we see today, are capable 
of respiration on land by lungs but their larvae 
breathe in water by gills. The acquisition of 
lungs has caused great change in the circulatory 
system. The skin is also modified to prevent, drying- 
up or desiccation on land. In modern amphi¬ 
bians. the skin is kept moist, highly vascular and 
subserves respiration both in water and on land. 

(4) The axial and appendicular skeletal frame¬ 
work becomes greatly altered to a new method of 
locomotion on land. The vertebral column becomes 
rigid and the paired appendages with the corres¬ 
ponding girdles become specialised to lift the body 
off the ground. The skeleton of Lhc limbs together 
with the muscles help the animals to propel aeross 
land effectively. 

(')) The amphibians have completely failed to 


solve the problem of reproduction on land. As a 
consequence, all the animals under this class have 
been forced to go back to their primal aquatic home 
for laying their eggs and subsequent development 
of the youngs. 

((>) Class Amphibia is divided into three ex¬ 
tinct and three living orders. The extinct orders 
are; Labyrinthodonlia , Phyllospondyli and Leposptmdyli. 
The living orders are: Gymnophiona , CJrodela and 
Salientia. 

(7) Order Gymnophiona includes the degene¬ 
rated snake-like caccilians. Order Salientia embra¬ 
ces t he frogs and toads. They are the highly specia¬ 
lised forms amongst the amphibians. Order Urndeln 
is a more primitive group than the anurans. Many 
of them have retained larval characteristics and thus 
exhibit pacdogencsis or neoteny. 

(8) The amphibians present great diversity in 
forms due to their adaptations to different environ¬ 
ments. The study of the life and structure of Bu/v 
will give a general idea of the biology of the class as 
a whole. 

(9) In majority of thenrnphibians. the ontogene¬ 
tic developmental history is accompanied by pro¬ 
gressive metamorphosis. 

(10) The phenomenon of caring of the eggs or 
developing youngs is well-developed in many am¬ 
phibians where extreme structural aiirl behavioural 
modifications arc encountered. 



CHAPTER 7 . 

Phylum Chordata -REPTILES 

Reptiles are the true land vertebrates that gave up the practice to go back to water 
to lay eggs. ’‘Things that before swam in the water now went upon the ground*’ goes 
the saying. In fact the emergence of reptiles as the true land dwelling vertebrates offer 
the greatest dramatic event in the course of organic evolution. Emerging from the old 
aquatic environment, the reptiles became successfully adapted to the new regime and 
as a result evolution within themselves became escalated. The reptiles dominated the 
globe in their early phase of evolutionary history and are represented today by a few 
divergent specialised forms (Fig. 7.1). 



Fig. 7.1. Showing the skeleton of a prehistoric reptile and some living members of 

the class Reptilia. 


IMPORTANT FEATURES 

Reptiles form a great central assemblage 
of plastic forms that tried to master most of 
the available environments though they 
are primarily terrestrial. They show (1) 
bilateral symmetry and possess paired pen- 
tadactylous limbs which end in digits (ex¬ 
cept snakes). The digits end in claws. 

(2) A post anal tail is usually present. 

(3) The.cloacal aperture is usually trans¬ 
verse. (4) The body temperature of the 
reptiles is not constant. They are cold¬ 
blooded or poikilothermal vertebrates. 
(5) The body is covered by epidermal scales 


plates arc present. (6) The salivary glands 
in reptiles are few in number. (7) The 
coelic caecum is associated with the rec¬ 
tum in most cases. (8) Reptiles are wholly 
lung breathers. (9) The heart of the rep¬ 
tiles consists of a sinus venosus, two auricles 
and a ventricle which is incompletely 
divided by a vertical septum (complete in 
crocodiles). Conus arteriosus ^ is absent. 
They have both the left and right systemic 
arches. Ductus carotiqus and ductus arte¬ 
riosus are often present. (10) The kidney in 
reptiles is of metanephric type. An allan¬ 
toic urinary bladder is present. (11) The 
sexes of reptiles are separate. Males possess 
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introinittent organs. (12) Most reptiles are 
oviparous and viviparity is present in some 
snakes. The eggs are large, yolky and shell¬ 
ed. (13) The embryos of reptiles are pro¬ 
vided with amnion and allantois. (14) The 
reptilian brain is well-developed and has 
both commissures and connectives. Pre¬ 
sence of aberrant commissure is a dignostic 
feature of reptilian brain. (15) Sense organs 
are well formed and organ of Jacobson is 
present. 

OUTLINE CLASS I FI C ATI ON 

Class Reptilia includes a heterogeneous 
group of land vertebrates. They are classi¬ 
fied into five subclasses. The subclasses are: 
Anapsida, Ichlhyopterygia, Lepidosauria, 
Archosauria and Synapsida. These sub¬ 
classes are divided into many orders. The 
members of the orders arc mostly extinct 
excepting the representatives of the orders: 
Squamata,(c.g., Lizards and snakes), Rhyn- 
chocephalia (e.g., Sphe.nodon ), Chelonia (e.g.. 
Tortoises and TuTtles) and Crocodilia (e.g., 
Crocodiles, Ghana Is, Alligators and Cai¬ 
mans) . 

Example of Reptilia--- -CALOTES 

Calotes versicolor is a common Indian 
garden lizard. It is often called a blood 
sucker but in reality it does not suck blood. 


The colour of the body is changeable and 
in males the head is often blushed red. 

HABIT AND HABITAT 

Calotes passes much of its time lying on 
boughs and twigs. It is often seen running 
swiftly on ground. It can swim, if necessary. 
Calotes lays its eggs in holes in the ground. 
It is widely distributed in India and sou¬ 
thern China. 

EXTERNAL STRUCTURES 

The body of Calotes is divisible into three 
regions-//^/, trunk and tail (Fig. 7.2A). A 
small narrow neck joins the head with the 
trunk. The head is more or less triangular 
in appearance. The snout is short, pointed 
and bears a pair of apertures called the 
external nares. The eyes arc provided with 
movable nictitating membrane. The mouth is 
a transverse aperture. It is terminal in posi¬ 
tion and lips are absent. The tympanum is 
situated behind the eyes. The trunk is 
elongated, subcylindrical and bears two 
pairs of appendages, the forelimbs and hind- 
limbs. The forelimb is divisible into bra- 
chium , antibrUchium. and matins. Likewise the 
hindlimb is divisible into femur, crus and 
pes. The limbs end in digits and the digits 
are with sharply pointed claws. T he cloacal 
aperture or vent is a transverse opening and is 
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Fig. 7.2. A. External structures of Calotes. B. Sectional view of the skin showing the disposition 
of ‘scales of Calotes. CL Sectional view of a claw of Calotes. 
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situated in the posterior-ventral part of the 
trunk and at the base of the tail. A large 
cloacalplate is situated in front of the cloacal 
aperture. The tail is long, slender and 
tapering. It measures twice as long as the 
head and body. Males measure 120-140 
mm from snout to vent with a tail of 300- 
500 mm. The body length of females is 
less by 15-20 mm. 

The colour of the body is brown or grey¬ 
ish on the dorsal surface and dirty whitish 
ventrally. The dorsal surface may be uni¬ 
form in colour or may have dark brown 
transverse spots or bars. Dark streaks 
radiate from the eye region. Young females 
often show two light yellow dorsolateral 
stripes. Fully grown males have greenish 
tinge. The tail exhibits alternate dark and 
light annuli. 

Galotcs, like many lizards such as cha¬ 
meleons, possesses a peculiar power of 
changing the colour of skin. Change in 
colour is due to the contraction or expan¬ 
sion of chromatophores (pigment cells) which 
are possibly under nervous control. The 
colour is a protective device and serves in 
protecting the animal from the enemies. 

SKIN 

The skin of Calotes is highly modified 
for living on land. To safeguard the animal 
against the frictional contact with the dry 
ground as well as to prevent desiccation in 
dry air, the epidermis becomes greatly 
elaborated than the dermis. The skin 
glands, so common in amphibians, are 
totally absent. The absence of skin glands 
and acquisition of scales over the body are 
evolutionary achievements for living on 
dry land. 

The epidermis is a compound layer 
which is composed of an inner layer of 
columnar cells called the stratum germinati - 
mm (or Malpighian layer) which is arranged 
on a basement membrane. The outermost layer 
of epidermis is represented by a dead 
stratum, corneum . Between the stratum cor- 
neum and the stratum germinativum lie 
the transitional layers. The stratum cor¬ 
neum becomes thickened over the scales, 
while between the scales this layer becomes 
thinner, 

SKELETAL STRUCTURES 

Calotes has well-developed framework of 
bony endoskeleton and definitive exoskele- 
tal structures outside the body. 


Exoskeleton • 

Being a terrestrial animal, Calotes pos- 
sesses well-developed cxoskeletal struc¬ 
tures. The body is covered by a noncon¬ 
ducting coat of scales. 

Scales 

The scales are epidermal in origin 
and are arranged in an imbricate fashion. 
The ventral scales are smaller in size than 
the'dorsal ones. The scales develop from 
the stratum germinativum (or Malpighian 
layer) of the epidermis. These are plate¬ 
like structures, each is supported by a bony 
plate or ossicle (Fig. 7.2B) in the dermis. 
On the dorsal side, the postaxial scales are 
larger than the pieaxial scales. The scales 
on the head region arc large and do not 
overlap but unite catch other by their edges. 
These larger scales are called the head 
skidds. Few scales situated on the middorsal 
line and the border line of necWhavc be¬ 
come modified into large and pointed 
structures. These are capable of movement 
and arc usually called the “frills”. Similar 
structures are also present on the postero¬ 
lateral border of the head. , * 

Claws 

The digital tips of Calotes are pro¬ 
vided with sharp claws. Each claw is 
made up of a dorsal and a ventral scale 
like horny plates. These plates are so placed 
that they converge at the end of the digit 
to make, the tip pointed. The dorsal plate 
is called the unguis. It is convex and round¬ 
ed at tip and lateral sides. The ventral 
plate is called the subunguis. 'The subunguis 
is flattened (Fig. 7.2C). The plates are 
derived from the Malpighian'layer of the 
epidermis. The unguis is well-developed 
than subunguis. 

Endoskeleton 

The hard skeletal parts present inside 
the body (endoskeleton) are grouped into 
axial and appendicular divisions. The axial 
skeleton includes the skull and vertebral 
column while appendicular skeleton in¬ 
cludes the girdles and limb bones. 

skull. The skull of Calotes is well ossi¬ 
fied but cartilaginous elements persist in 
the region of nares and interorbital sep? 
turn. The brain box (or cranium) is com¬ 
paratively small and is covered by investing 
bones. 

The roof of the skull is made up of a 
pair of parietals which are fused and bear a 
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median parietal foramen, a pair of frontals 
and two nasal bones (Fig. 7.3A). The pre¬ 
maxillae arc situated anterior to and bet¬ 
ween the nasals while the sickle -shaped 
squamosals are attached to the posterolateral 
sides of the parietals by sutures. On the roof 
of the orbit there are many small bones, 
of which the anterior and posterior ones 
are knoVvn as prefrontal and postfrontal 
respectively. The floor of the skull is 
composed of a flat and large basal bone 
formed by the fusion of occipital and sphe¬ 
noidal elements. The basal bone continues 
forward as a slender bar and is cal led para- 
sphenoid (Fig. 7.3B). From the basal bone 


The lower jaw is composed of two similar 
halves (or rami). Each ramus , in addition 
to the slender persistent Meckel's cartilage , 
consists of six pieces of investing bones 
which fuse with each other. The names of 
the six bones are: articular , angular , supra- 
angular, coronoid , splenial and dentary. Of the 
bones, the dentary has the mandibular teeth 
(Fig. 7.3D). The two rami are sutured to 
one another in front. The lower jaw is arti¬ 
culated to the cranium through the qua¬ 
drate which is movable and such attach¬ 
ment of lower jaw' is streptostylic in nature. 
The lower jaw bears teeth. 

vertebral column. The vertebral 
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Fig. 7.3. Dorsal (A), Vrntral (B) and Lateral (C) view of the skull of Calotes. ]). Lower jaw of Calotes. 


arises a pair of stout basipterygoid processes. 
These processes articulate with the ptery¬ 
goid. The pterygoid forms a bridge between 
the quadrate (posteriorly) and palatine 
(anteriorly). From the junction of ptery¬ 
goid and palatine arises a stout os trans- 
versum or transpalatine process which extends 
to join the maxilla. The vomer is small, 
anterior to palatine and articulates with 
premaxilla and maxilla. The premaxillae 
and maxillae are furnished with small 
teeth. 

The posterior part of the skull is made up 
of large exoccipitals which are continuous 
with the horizontal prootic processes. The 
foramen magnum is an aperture situated bet¬ 
ween the occipitals. There is a single occi¬ 
pital eondyle. The lateral wall of the cranium 
is mainly formed by a paired prootics. 
The epipterygoid (or- columella) is extended 
from the prootic to the pterygoid. The 
jugal bones border the lateral and pos¬ 
terior limits of the orbit (Fig. 7.3C). The 
quadratojugal is not ossified. 


column -consists of vertebrae which are 
divisible into the following regions: (a) Cer¬ 
vical region--composed of 8-10 vertebrae, 
(b) Thoracolumbar region—made up of 22 
vertebrae, ( c ) Sacral region—containing 
only two vertebrae and ( d ) Caudal region 
--consisting of about 20 vertebrae. All ver¬ 
tebrae, excepting the first, and the last, are 
strongly procoelous. 

Cervical vertebrae. The first cervical verte¬ 
bra is known as the atlas (Fig. 7.4 A). It is 
ring-like having a single articular facet. 
The centrum is absent. The neural arch is in¬ 
complete dorsally and transverse processes 
are ill developed. The second cervical ver¬ 
tebra is called the axis (Fig. 7.4C). It bears 
a small peg-like process called the odontoid 
process at its anterior face. The odontoid 
process actually represents the centrum of 
the atlas. The midventral line of the axis 
is provided with a ridge called hypapophysis. 
The rest of the cervical vertebrae are-typi¬ 
cal but bear cervical ribs. The atlas and 
axis do not bear ribs. 
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Thoracic vertebrae. The thoracic vertebrae 
are typical in nature (Fig. 7.4B,D). The hy- 
papophysis is ill-developed or absent.. All 
the vertebrae bear thoracic ribs. Only five 
anterior thoracic ribs reach the sternum. 
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Fig. 7.4. Vertebrae and hyoid apparatus of 
Calotes. A. Fiist vertebra (anterior view). (.*. Second 
vertebra (lateral view). 15. Typical thoracic ver¬ 
tebra (anterior view). D. Typical thoracic vertebra 
(posterior view). E. Hyoid apparatus. 


Sacral vertebrae. The two large sacral ver¬ 
tebrae bear large and expanded ribs. 

Caudal vertebrae. The ventral surface of 
the caudal vertebrae are provided with ‘Y’- 
sliaped chevron bones. 

sternum. The sternum (or breast bone) 
is a rhomboidal plate-like structure and 
ventral in position. The sternum is sup¬ 
ported by a characteristic ‘TVshaped inter r 
clavicle and it bears an aperture called 
sternal aperture at its middle. The sternum 
bears ribs. The plate-like sternum protects 
the internal organs. 


HYOID APPARATUS 

The floor of the buccal cavity is support¬ 
ed by a cartilaginous structure called the 
hyoid apparatus (Fig. 7.4E). It also supports 
the tongue. The hvoid apparatus consists 
of the basihyal , anterior cornua , middle cornua 
and posterior cornua. The basihyal consti¬ 
tutes the body proper of the hyoid appara¬ 
tus. It is a median cartilaginous rod and 
directed anteroposteriorly to form the os 
entoglossus. The anterior cornua are elon¬ 
gated" cartilaginous rods and arise antero- 
laterally from the basihyal. These rods 
curve round the oesophagus and terminate 
near the ventral side of the auditory cap¬ 
sule. The anterior cornua represent the 


hyoidcan arclv The middle cornua arc 
ossified at their proximal ends and repre¬ 
sent the vestiges of the first branchial 
arches. The posterior cornua arise from the 
posterolateral edge of the basihyal. They 
extend backwards and outwards. Each car¬ 
tilaginous rod is composed of two segments. 

Appendicular skeleton 

The skeleton of Lhe paired fimbs and 
girdles constitute the appendicular skele¬ 
ton. 

Pectoral Girdle. The pectoral girdle is 
hoof-shaped and composed of two symme¬ 
trical halves. It is situated in the thoracic 
region of the body being attached to the 
vertebral column by means of muscles and 
ligaments. Each half of the girdle: is made 
up of a partially cartilaginous scapula. T he 
scapula is dorsolatcrally extended (Fig. 
7.5A). The suprascapula is a bony plate¬ 
like structure and is attached to the 
scapula. It is ventrolateral in position. The 
coracoid is also plate-like and is made up of 
cartilaginous cpicoracoid and precoracoid. 
The glenoid cavity is formed by the scapula 
and coracoid. The clavicle is a narrow curv¬ 
ed bone and forms a bridge between inter- 
clavicular junction and scapula. The twfo 
halves of the girdle are at tached to a rhom- 
boidal and plate-like sternum which is ven¬ 
tral in position. The sternum is supported 
by a ‘TVshaped epislcnmm (or interclavicle ). 
The sternum bears .ribs and a centrally 
placed sternal foramen, through which the 
sternal artery passes. The ‘T’-shapcd inter- 
clavicle, sternal ribs and sternal foramen 
are diagnostic features of the reptilian pec¬ 
toral girdle. 

Pelvic girdle. The pelvic girdle is also 
made up of two equal halves. Each half is 
called the os innominalmn which is composed 
of the pubis , ischium and ilium (Fig. 7.5B). 
These three bones are attached in a tri- 
radiate fashion. The two halves of the 
girdle arc attached with each other 
through the intermediation of pubis and 
ischium. Hence the joining is called the 
ischiopubic symphysis. The pubis bears an 
epipubic cartilage at its tip and a pubic pro- 
minance as a projection at the other tip. 
The articulation facet, acetabulum is situat¬ 
ed close to the pubic prominence. Between 
the two ischia there lies the hypoischiatic 
cartilage. The obturator foramen is incom¬ 
plete. 

Forelimb The forelimb consists of the 
following long bones arranged in order 
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from proximal to distal eijd (Fig. 7.5C). • 
Humerus. It is a slender and slightly curved 
bone which bears swellings (or condyles) at 
the proximal end. This swelling is called 
the head of humerus . The distal end bears a 
pully-like trochlea. Spherical epiphysis is 


not show structural variation. Ah extra 
piece of bone developed preaxially between 
ulna and ulnare is present. This bone is 
called pisiforme. This is a sesamoid bone (or 
tendon bone).and its presence is very un¬ 
usual. Five narrow but cylindrical meta - 
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Fig. 7.5). Appendicular skeletons of Calotes. A. Pectoral girdle. B. Pelvic girdle. G. Forelimb 
bones. D. Hindlimb bones. 


associated with both ends. The deltoid ridge 
is absent. 

The antibrachium is supported by radius 
and ulna . These two bones arc narrow, 
elongated and are distinct from each other. 
The radius is preaxial in position and its 
distal end is produced into a process called 
the styloid process while the anterior termi¬ 
nal end of ulna is produced into a short 
process called the olecranon process . The 
radius and ulna are articulated with the 
humerus through their anterior concavi¬ 
ties. In the manus, there arc ten pieces of 
carpal bones . The carpal bones are cubical 
in shape and are arranged in two rows. 
The proximal row consists of a large cen¬ 
tral piece called centralc, one piece each 
beneath radius and ulna are called radiale 
and ulnare respectively while the third and 
ofurth pieces are fused together to form the 
intermediate . The distart row of carpals do 


car pals form the palm. The five phalanges 
are provided with claws and the bones in 
phalanges number 2, 3, 4, 5 and 3 from 
1st to the 5th. 

Hindlimb . The hindlimb consists of a 
stout and cnlongated femur which is pro¬ 
vided with epiphysis at both the ends. The 
anterior end of the femur is round while 
posterior end bears two ball-shaped con¬ 
dyles. Above the outer condyle, there is an 
elevated portion which gives attachment 
to the next pieces of bone. The anterior 
side of femur is provided with a rough sur¬ 
faced trochanter to. which muscles remain 
attached. The shank is, composed of tibia 
and fibula (Fig. 7.5D). The tibia is pre¬ 
axial in position. It is straight and stouter 
than fibula. The tibia bears a cnemial crest 
at its anterior surface and a concavity at 
its posterior part for articulation. The 
fibula is slender and bears a single conca- 
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vity through which it articulates with the 
elevated portion of femur. The*distal ends 
of both tibia and fibula are flat. In tarsal 
region, the bones are fused. A single large 
piece called tibiofibulare and two or three 
bones on the distal region are only identi¬ 
fiable. The foot is supported by five cy¬ 
lindrical and elongated metatarsal bones. 
Of these bones, two articulate with tibio- 
fibula and the rest three with the distal 
tarsal bones. The digits are similar in 
structure to that of the forelimbs. 

DIGESTIVE SYSTEM 

The digestive system of Galotes is com¬ 
posed of the alimentary canal and digestive 
glands (Fig. 7.6A). 

Alimentary canal. The alimentary 
canal starts from the mouth. The mouth is 
a transverse terminal aperture provided 
with teeth on jaws. The teeth are sharp, 
small, pointed and recurved backwards. 
All the teeth are similar in size and shape, 
i.e., homodani and the attachment is pleuro- 
dont in nature (Fig. 7.6B). The mouth 
leads into the buccal cavity which is large 
and compressed dorsoventrally. At the 
posterior part of the roof of buccal caviLy, 


there are two openings for the internal naves. 
The floor of the cavity houses a median 
and muscular tongue. The tongue is pro- 
trusible and the apex of the tongue is bi¬ 
furcated. The buccal cavity passes to the 
stomach through pharynx and oesophagus . 

The stomach is elongated, sac-like and 
placed more or less vertically. The stornacli 
is divisible into a cardiac and ji pyloric 
portion. The pyloric part of the stomach is 
followed by small intestine w r hich is narrow, 
tubular and coiled. The small intestine; 
may again be divided into a 4 U ’-shaped 
duodenum and a long much coiled ileum. 
The small intestine is followed by a large 
intestine (or rectum) which is small, sac-like 
and opens into the cloaca. At the junction of 
ileum and rectum a small projection called 
coelic caecum is present. Tlu; colon is absent. 
The cloaca opens to the exterior by the 
anus (or vent). The whole of the alimen¬ 
tary canal is kept in position by folds- of 
peritoneum. The stomach is attached with 
the body wall by the mesogaster , the ileum 
by the mesentery and the rectum by the 
mesorectum . 

Digestive glands. Small unicellular 

salivary and mucous glands arc present in the 
buccal cavity. These glands are few irf 
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number. The most important of the digest 
tive glands is the liver which is massive and 
situated dorsal to the stomach. The liver 
is divided into left and right lobes. Both the 
lobes are united anteriorly (Fig. 7.6C). 
The liver secretes bile. The bile remains 
stored in the gallbladder. The gall bladder 
is a small and roundish sac which is situat¬ 
ed on the,outer margin of the right lobe of 
liver. The gall bladder is not provided with 
any duct and it is a reservoir of bile. The in¬ 
ner wall of the stomach is beset with large 
number of unicellular parietal glands and 
gastric glands which secrete hydrochloric 
acid and digestive enzymes respectively. An¬ 
other important digestive gland is the pan¬ 
creas. 11 is a flat and elongated structure. The 
colour is white. It opens into the beginning 
of the duodenum. The secretion of pan¬ 
creas is called pancreatic juice. The juice 
is alkaline in nature and contains digestive 
enzymes. These enzymes are trypsin, amy- 
lopsin and lipase. The spleen is a small 
rounded glandular structure situated in the 
mesentery below the stomach. It is mor¬ 
phologically connected with the digestive 
tract, but has got no digestive role. T he 
spleen stores the erythrocytes and also des¬ 
troy them, when necessary. 

Mechanism of foodgetting and di¬ 
gestion. The food of Calotes is mainly 
small living insects. Ingestion is done with 
the help of the tip of the tongue and the 
insect is taken inside alive. The sticky 
mucus secretion helps to catch the prey. 

True digestion occurs in the stomach 
where HCi and pepsin reacts on the food 
matter. HCI makes the medium acidic 
and kills bacteria while pepsin reacts with 
the protein part of the food and breaks it 
into peptone and proteoses. In the next 
phase, digestion occurs in the duodenum. 
In the duodenum bile neutralises the acidic 
half digested chyme and emulsics the fat 
part of the food. Now pancreatic juice 
comes into play. Being alkaline in nature 
it makes the medium strongly alkaline. 
Digestive enzyme, trypsin (present in pan¬ 
creatic juice) reacts with protein and pro¬ 
teoses and convert them into soluble amino 
acids. Amylopsin reacts with carbohydrate 
and gives glucose and lipase reacts on fat 
converting it to fatty acid and glycerol. 

* The mixture of food containing simpler 
. and soluble products and undigested food 
materials passes into the intestine. The 
lining cells of the intestine take up the 
soluble products while undigested food 


particles are stored in the rectum from 
where thes t are voided periodically. 

RESPIRATORY SYSTEM 

Calotes is a true lung breather. Struc¬ 
turally the respiratory organs do not show 
any great improvement over the amphi¬ 
bians but functionally the lungs have be¬ 
come more efficient. 

Respiratory structures. The respi¬ 
ratory structures include a pair of nostrils 
(or external nares) situated a little ahead of 
the eyes. The nostrils lead to nasal passages 
which open into the roof of the buccal 
cavity. The glottis opens into the larynx 
which is box-shaped and is made up of a 
pair of arytenoids and a single cricoid (form¬ 
ing the base) cartilages. The larynx opens 
into the trachea which is narrow, tubular and 
beset with complete cartilaginous tracheal 
rings. The trachea is bifurcated into two 
and forms a pair of narrow passages called # 
the branchi. Each bronchus enters into a 
lung. The lungs are elongat ed sac-like struc¬ 
tures. The right lung is slightly larger 
than the left one. Internally each lung is 
incompletely divided into small chambers 
by developing many incomplete septa 
(Fig. 7.7). These chambers are called the 
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alveoli . In the distal part of the lung, such 
chambers are absent. This nonpartitioned 
posterior part of the lung is considered as 
reservoir for the residual air. It constitutes 
about one third part of the whole lung. 
Thq wall of the lung is made up of 
squamous epithelium. 

Mechanism of respiration. The che¬ 
mical mechanisrh of respiration is basically 
similar in ail vertebrates, but the physical 
mechanism varies in many forms. The phy¬ 
sical mechanism is divided into two steps. 
The steps are: inspiration and expiration. 
Inspiration is caused by the movement of the 
intercostal muscles which raise the ribs and 
by increasing the volume of thorax reduce 
lung pressure and cause an inflow of air. 
Expiration is caused by lowering the ribs 
through the contraction of intercostal mus¬ 
cles and decreasing thoracic volume. By 
expiration carbon dioxide and moisture 
are removed. 

CIRCULATORY SYSTEM 

Transportation of various essential sub¬ 
stances within an organism is conducted by 
the circulatory system. The circulatory 
system consists of (A) the heart which 
is an efficient machine to propel the (B) 
fluid vehicle, the blood into the pipelines of 
(G) arteries and (D) veins. 

Structure of Heart. The heart is situa¬ 
ted in the thoracic cavity and vent ral to the 
alimentary canal. It is enveloped by thin 
and transparent pericardium. The peiicar- 
dium is composed of two layers. The inner 
layer is fused with the heart, while the 


*6uter one is frae. A small thread-like struc¬ 
ture situated at the apex of the ventricle, * 
forms a bridge between the two pericardial 
layers. 

The heart consists of a sinus venosus , two 
auricles and a ventricle.[The ventricle is par¬ 
titioned internally by an incomplete verti¬ 
cal interventricular septum. The conus arterio¬ 
sus and truncus arteriosus are •absent in 
Galotes and the arches emerge out direct¬ 
ly from the ventricular cavity, fl’he sinus 
venosus is situated dorsally and opens into 
the right auricle through sinuauricular aper¬ 
ture. The sinus venosus is thin walled and ill 
developed. 11 is restricted to the dorsal side 
of the right auricle. The nonpromineht 
nature of the sinus venosus may be regard¬ 
ed as a sign of its being fused with the right 
auricle as in birds and mammals/lhe two 
auricles open jointly into the ventricle 
through the auricidovenlricular aperture. The * 
interaurfcular septum is large and extends 
into the ventricular cavity through the 
auriculovcnlrieular apciture and thus! 
divides the aperture into two. The free tip 
of the septum is bifurcated. The inner 
walls of the auricles arc provided with 
fibres of muscles called the muscMipectinati. 

The thick walled ventricle (Fig. 7.8B)*is 
provided internally with an interventricular 
septum which divides it incompletely into 
left and right halves. This partition has 
become complete in crocodiles except for 
an aperture called foramen of Eanizza. The 
foramen of Panizza is a communicating 
aperture between the left and right syste¬ 
mic arches just at the point of crossing after 
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Fig. 7.8. Heart of Calotes. A. Ventral view. B. Sectional view (longitudinal). 
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their emergence from the ventricle. The 
inner cavity of the ventricle has been 
arbitrarily divided into three regions 
namely, cavum pulmonale situated in the 
right side, cavum venosum (or the middle por¬ 
tion) and cavum arteriosim (or the left hand 
portion). In the middle of the ventricle 
and close to the line of demarcation between 
the auricles and ventricle, there are three 
apertures from which the aortic arches 
arise. The inner wall of the ventricle is 
provided with thick interlacing muscles 
called columnae carnae . There are bunches of 
thread-like muscle fibres called chordae 
tendimae by which the valves remain 
attached to the columnae carnae. 

( The different compartments of the heart 
are intercommunicated by apertures hav¬ 
ing swing door-like flaps called the valves. 
These valves control the passage of blood 
and direct the flow in one direction. Hie 
valves present in the heart of Galotcs are: 
(a) A pair of leaf-like valves in the sinu- 
auricular aperture, (b) Sphincter muscle s 
acting as valve in the opening of pulmonary 
vein into the left, auricle, (c) A pair of leaf¬ 
like valves formed by the bifurcation of the 
interaurictilar septum in the auriculo- 
ventricular aperture, (d) Three semilunar 
valves in the orifices from which the 
arterial arches arise. 1 ) A W<*V 

(The walls of the heart are provided with 
three histological layers common to 
all blood vessels, i.c., tunica intinia, tunica 
media and tunica adventitia from inner to the 
outside. Of these three layers, the tunica 
media is peculiar in having specialised car¬ 
diac muscles showing striations and bran¬ 
chings. The heart is supplied with the car¬ 
diac branch of 10th cranial nerve.} y 

Mechanism of circulation through heart. 
In Galotes, > the circulatory circuit is 
double. There is pulmonary or lesser cir¬ 
culation and systemic or greater circula¬ 
tion. Pulmonary circulation is conducted 
by the pulmonary arteries which carry de- 
oxygenated blood to the lungs. In the lungs 
the blood becomes oxygenated and returns 
to the left auricle by the pulmonary vein. 
The left auricle pours its content into the 
ventricle through the auriculoventricular 
aperture. In the greater circulation dcoxy- 
genated blood returns to the sinus venosus 
by precaval and postcaval veins. The sinus 
venosus opens into the right auricle. The 
right auricle empties its content into the 
ventricle. - ' • 

The ventricle sends blood for circulation 


into the different parts of the body through 
the systemic and pulmonary arches. The 
entry and exit of blood in the ventricle is so 
beautifully arranged that a major quantity 
of oxygenated blood is always forwarded 
to the brain region. As the ventricle is in¬ 
completely divided, the admixture of oxy¬ 
genated and deoxygenated blood oecurs 
thrice in Galotes once in the cavum veno¬ 
sum, once in the dorsal aorta and another 
in the left ductus caroticus. Thus though 
the ventricle in Galotes is morphologically 
incompletely divided, there is a tendency 
for the physiological separation of the two 
types of blood, at least in two auricles 
completely and in the ventricle partially. 
From this point, the heart of Galotes is 
biologically more advanced than that of 
Bufo. 

Blood 

Blood of Galotes is red in colour and is 
made up of plasma and blood cells. The 
red blood corpuscles are biconvex, ellipti¬ 
cal in outline and each bears an elliptical 
nucleus. The white blood corpuscles are 
irregular in outline, nonpigmented and 
each bears a spherical nucleus. 

Arterial System 

Of the six pairs of arterial arches joining 
the dorsal aorta to the ventral aorta during 
embryonic development of arteries, the 
third, fourth and sixth pairs persist in adult 
Galotes and other reptiles. As the ventricle 
in Galo tes .and other reptiles tends to divide 
into left and right ventrftrles by the develop¬ 
ment of interventricular septum, the base 
of the ventral aorta splits into three parts, 
two of which remain in the right part of 
the ventricle and the third goes to the left 
part of the ventricle. Thus from the ven¬ 
tricle of Galotes arises three aortic arches. 
These arches are: (1) one pulmonary aorta 
and (2) two systemic aortae, right and left 
(Fig. 7.9). These three aortae are wound 
around themselves at the source and under¬ 
go about one and half turns round each 
other. The aortae are covered at the base 
by a fibrous sheath and thus appear tubu¬ 
lar. 

Pulmonary aorta. It arises independent¬ 
ly from the right portion of the ventricle 
and soon splits into two branches, each 
entering into a lung. It carries deoxygenat¬ 
ed blood. 

Left systemic aorta. This aorta origi¬ 
nates independently from the right (left to 
pulmonary aorta) portion of the ventricle 
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and moves forward for some distance. Then 
it curves round the heart and goes down¬ 
wards to meet the right systemic aorta a 
little posterior to the ventricle, ft carries 
mostly the deoxygenated blood. One or 
two small arteries are found to have origi¬ 
nated from the posterior part of the left 
systemic arch to supply the oesophagus. 
The arteries are called the oesophageal 
arteries. 



Right systemic aorta. This important * 
aorta emerges independently from the left - 
portion of the ventricle and moves forward ■ ; 
and then curves to the right side of th&g 
heart. It meets the left systemetic aorta 
posteriorly to form the dorsal aorta. It 
carries oxygenated blood. From the apex 
of the curvature of the right systemic aorta 
arises a single and common carotid artery 
which advances anteriorly and then splits 
into four arteries. The inner pair of these 
four branches form the external carotid 
arteries while the outer pair forms the 
internal carotid arter&s. The external carotids 
and their branches supply blood to face 
and mouth, while the internal carotids and 
their branches supply blood to the brain. 
[Thus it is to be noted that carotid arteries 
do not arise independently from the ven¬ 
tricle as they do in amphibians but instead 
arise from the right systemic aorta^ And 
as the right systemic arch carries oxygenat¬ 
ed blood to anterior organs, specially the 
brain, this arch is supplied with oxygenat¬ 
ed blood. >^Tie^two internal carotids are 
connected to the systemic aorta of the 
corresponding sides by ductus caroticus. The 
ductus caroticus represents the remnant of 
embryonic radices between the third ajifi 
fourth aortic arches. The right systemic 
aorta before its meeting with the left sys¬ 
temic aorta gives rise to a subclavian artery 
which bifurcates into two and supplies the 
forelimbs. From the right systemic aorta a 
vertebral artery also originates to send blood 
to the vertebral column. 

The right and left systemic aortae unite 
a little behind the heart and give rise to the 
dorsal aorta which runs posteriorly and gives 
branches to visceral organs and posterior 
parts of the body. The following arteries 
originate from the dorsal aorta chronolo¬ 
gically along the anteroposterior axis. 
These are: (1) Anterior mesenteric artery. 
Single and supplies blood to the small 
intestine. (2) Coeliac artery. Supplies blood 
to stomach, liver, spleen, pancreas. (3) 
Posterior mesenteric artery . It supplies blood 
to large intestine. (4) Intercostal ■ arte¬ 
ries . Several pairs which supply blood to , 
body wall, neural canal and body muscles? 
(5) Genital arteries. I pair, supplies blood to 
the gonads. (6) Renal arteries. 2 to 4 pairs, 
supply blood to the^ kidneys. (7) Lumbar 
arteries. Several pairs* supply bipod to the 
neural canal, body muscles and skin of the 
lumber region. (8) Iliac arteries . 1 pair* 
supplies the hindlimbs. (9) Caudal artery. 
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Posteriorly the dorsal aorta continues as 
caudal artery and supplies the tail. 

Venous system 

The dcoxygenatcd blood from the diff¬ 
erent parts of the body is brought back to 
heart by means of veins except the pulmo¬ 
nary veins which carry oxygenated blood. 
The veins run parallel to the arteries, 
appear dark and in position are superficial 
to arteries. . 



The central meeting arena of all veins in 
the body is the sinus venosus. Sinus venosus 
is a triangular structure and its two base 


angles receive left and right precavals 
while the apex receives a single median 
postcaval (Fig. 7.10). Each precaval vein 
has been formed by the union of three 
veins. These are: (1) the external jugular 
which brings back blood from the floor of 
mouth and tongue, (2) the internal jugular 
which drains blood from the brain and (3) 
the subclavian which draws blood from the 
forelimb. The right precaval gets an 
azygos vein . The postcaval is constituted by 
the large median vein which is formed by 
the union of right and left efferent renal 
veins emerging from the two kidneys. 
Genital veins join the left and right 
efferent renal veins before their union. A 
pair of stout but short hepatic veins joins the 
median postcaval before its entry into the 
sinus venosus. 

A median caudal vein carries blood from 
the tail region. The caudal vein ultimately 
bifurcates into two veins and enter into 
the kidneys. Each vein gives rise to the 
renal portal vein to the kidney and pelvic vein 
which receives femoral and sciatic veins from 
thehindlimb.The pelvic veins unite to form 
a median epigastric (or anterior abdominal vein) 
which ultimately opens into the left liver. 
The anterior abdominal vein and the post¬ 
caval is free of each other except through 
the renal portals in the kidneys. The blood 
from the visceral organs, i.e., stomach, 
intestine, pancreas, etc., enters into the left 
lobe of liver by a hepatic portal vein. 

In Galbtes both renal portal and hepatic 
portal systems are present. These systems 
have got many advantages and fulfil the de¬ 
mand for a second set of capillaries through 
which blood must flow. The organisms hav¬ 
ing such a portal system are always provid¬ 
ed with double supplies of blood, arterial 
and venous. 

The pulmonary venous circuit comprises 
of two pulmonary veins , one originating 
from each lung. These two pulmonary 
veins unite and form one common pulmo¬ 
nary vein which opens into the left auricle. 
The pulmonary veins bring oxygenated 
blood to the heart from the lungs. 

NERVOUS SYSTEM 

The nervous system of Galotes consists 
of (A) Central nervous system , (B) Peripheral 
nervous system consisting of cranial and 
spinal nerves which originate from brain 
and spinal cord respectively and (G) Auto¬ 
nomic nervous system (or sympathetic nervous 
system ). 
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Central nervous system 

The brain and the spinal cord constitute 
the Central Nervous System. 

Brain. The brain is encased in the cra¬ 
nium. The nervous tissues of the brain are 
protected by two meninges called the pia- 
mater and duramaler . The piamater remains 
in close contact with brain and it is highly 
vascular. The duramater is just outside the 
piamater and is mainly fibrous in nature. 
The two coverings remain separated from 
each other and the space between them is 
called subdural space . 

Brain of an adult Galotes is differentiat¬ 
ed into (a) Forebrain, ( b) Midbrain and 
(c) Hindbrain (Fig. 7.11A). The forebrain 
consists of telencephalon anteriorly and dieti - 
cephalon posteriorly. From the sidewall of 
telencephalon emerges a pair of sac-like 


projections ealjed the olfactory lobes. The 
posterior part of the telencephalon is 
elongated and is called cerebral hemisphere or 
cerebrum. The diencephalon bears on the 
dorsal surface two projections called parietal 
organ and pineal body. The parietal oigan 
is situated anterior to the pineal body 
(Fig. 7.11D,E). Another projection called 
the paraphysis is present in a reduced con¬ 
dition, From the ventral side of the 
dicnocphalon hangs a lunncl-like structure 
called the infundibulum on the apex of which 
is situated the pituitary body or hypophysis 
(Fig. 7.11C). 

The midbrain consists of a pair of oval 
optic lobes or corpora bigernina which arise as 
projections of the dorsolateral walls. Ven¬ 
tral to the optic Jobes, there is a pair of 
longitudinal bands or peduncles called 
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crura cerebri which connect the hindbrain 
to the midbrain. The hindbrain consists of 
narrow and less convoluted metencephalon 
or cerebellum, and a long myelencephalon or 
medulla oblongata which continues pos¬ 
teriorly as the spinal cord. 

Thickenings inside the different brain regions. 
The roof of the cerebral hemispheres is thin 
but the Y.cntrolatcral walls are thick. The 
thick region is called corpus striatum. The 
roof of the cerebral hemispheres is called 
the neopallium , because the gray matters 
are situated on the outer margin. The roof 
of diencephalon is thin, highly vascular and 
is called the roof-plates (Fig. 7.1 ID). The 
lateral walls are called thalami and the 
floor is called hypothalamus . Parietal and 
pineal bodies arise from the roof-plate. The 
thalamus is thick. From the hypothalamus 
arises the infundibulum. The roof of the 
mesencephalon becomes thick to give rise 
to the optic lobes. It’s floor is also thick 
and gives rise to the crura cerebri. The 
roof of the metencephalon is thin and 
nonnervous but the floor is thick. The 
myelencephalon is similar to metcnccpha- 
Jon in regard to its floor and roof. 

Ventricles. Internally the brain bears 
cavities which arc continuous to one an¬ 
other and to the spinal cord. The cavity is^ 
filled with cerebrospinal fluid. The cavities in 
the cerebral hemispheres are called lateral 
ventricles or first and second ventricles. The 
diencephalon contains the third ventricle 
while the fourth ventricle is situated in the 
medulla oblongata. The two lateral ven¬ 
tricles arc communicated to the third 
ventricle or diacoel !>/ a small opening 
called foramen of Monro. The third and 
fourth ventricles or mesocoels are com¬ 
municated with each other by a narrow 
passage called iter or aqueduct of Sylvius. 

Commissures in Brain. Two sides of the 
brain are connected at places by trans¬ 
verse bands of nerves. called the com¬ 
missures. 

The commissures are: (1) Anterior com¬ 
missure. A wide transverse tract of nerve fib¬ 
res connecting the two corpora striata. (2) 
Habenular commissure. Anterior to epiphysis 
2nd situated between epithalamic. gang¬ 
lia. (3) Aberrant commissure . Runs through 
the lamina-terminalis and joins olfac¬ 
tory lobes. The presence of abberant 
commissure in the brain of Galotes is 
regarded as the most important diagnostic 
feature. (4) Hippocampal commissure. Hippo¬ 
campus is the swollen part of the mid¬ 


posterior region of the cerebrum. The two 
hippocampi are connected by the hippo¬ 
campal commissure. (5) Posterior commis¬ 
sure. It connects the posterior part of the 
two optic thalami and is situated just in the 
junction of dicncephalon and mesencepha¬ 
lon. 

Spinal cord. It is the posterior prolonga¬ 
tion of the brain through the neural canal. 
Its walls are thick and the roof and the 
floor bear dorsal and ventral furrows. Ex¬ 
ternally the spinal cord is made up of white 
matter consisting of medullated nerve 
fibres and internally there is grey matter 
containing ganglionic cells and non- 
mcdullated fibres. 

Peripheral nervous system 

The,peripheral nervous system consists 
of nerve fibres which are either sensory or 
motor or mixed. The cranial and spinal 
nerves constitute this system. 

Cranial nerves. There are 12 pairs of 
cranial nerves in Galotes. The origin, dis¬ 
tribution and biological nature of the first 
to tenth pairs of cranial nerves are exactly 
similar to that of Buffo already discussed in 
Chapter 6 {vide page 212). Figs. 7.12 will 
give an idea of the origin and the ramifica¬ 
tions of the fifth, seventh, ninth and tenth 
cranial nerves in Galotes. The eleventh and 
twelfth pairs of cranial nerves are the (A) 
Spinal accessory and (B) Hypoglossal res¬ 
pectively. 

The spinal accessory (XI) originates 
from the posterior part of medulla oblon¬ 
gata as efferent fibres and join with the 
vagus. Along its course, this nerve receives 
series of rootlets from the spinal cord. The 
spinal accessory nerve supplies mostly to 
the striated muscles of the pharynx, larynx 
and also to the autonomous nervous sys¬ 
tem. It is a sensory nerve. The hypoglossal 
nerve (XII) is also a sensory nerve which 
originates from the medulla oblongata and 
innervates the muscles of the tongue and 
controls its movements during feeding. 

Spinal nerves. There are several pairs of 
spinal nerves originating from the spinal 
cord and emerge out from it between the 
vertebrae. The spinal nerves are mixed 
type of nerves. They originate separately 
and independently .but ultimately combine 
to form a single cord. They originate by a 
dorsal root which is sensory and a ventral 
root which is motor in nature. Each spinal 
nerve divides into four branches or rami. 
These branches are: (1) dorsal branch , thin, 



PHYLUM CHORDATA—REPTILES 255 


short and supplies sense organs, gland and 
muscles, (2) ventral branch , long, thick and 
supplies hypoaxial organs, (3) meningeal 
branch , small and goes hack to supply the 



Fig. 7.12. Showing the origin ;tn(l distribution of 
Vth, Vlltli, TXth and Xth cranial nerves of 
Cables. 


neural canal and (4) ramus communicant- 
which communicates with autonomic ner¬ 
vous system. Several spinal branches often 
meet together and form plexus. 

Autonomic nervous system 

This system consists of a chain of com¬ 
plicated ganglia with receptor and effector 
nerves formed mostly by the offshoots 
from the ventral branches of the spinal 
nerves. The branches from these ganglia 
innervate muscles of heart, lung, diges¬ 
tive System and glands which work con¬ 
tinuously and are not controlled by will. 
Autonomic nervous system comprises of 
two divisions of nerves which are struc¬ 
turally similar but functionally antagonis¬ 


tic. These art;: (a) sympathetic nerves 
having activating action and (b) parasym¬ 
pathetic nerves which have inhibitory 
action. 

SENSE ORGANS 

The sense organs arc highly developed 
in Cables. 

Olfactory organs 

The olfactory organs for smell in Calotes 
are the 'nasal chambers'. The nasal chamber 
or passage extends between the external 
and internal nares. The anterior part of the 
nasal chamber is devoid of any sensory 
cells while the posterior part bears many 
spindle-shaped cells connected to the twig 
of the olfactory nerve. Highly pigmented 
sensory epithelial cells cover the spindle- 
shaped cells. To enlarge the surface of ex¬ 
posure, the epithelium of nasal wall is ex¬ 
tended into a single shelf like concha. Calo¬ 
tes has single unrolled conc ha one on cither 
side. 

Organ of Jacobson 

An accessory structure, called organ of 
Jacobson is associated with the olfactory 
organ of Calotes (Fig. 7.1 SB). 11-is a cavity 
derived embryotueally from the olfactory 
cavity, lined with sensory epithelium and 
innervated by both olfactory and trige¬ 
minal nerves. In position, it is ventro- 
rnedian to the nasal cavity. Tt acts as a 
cheinoreceptor and it is highly developed 
in lizards and snakes. 

Organ of sight 

The sense organ for sight consists of a 
pair of eyes which are lateral in position. 
The eyes are provided with eyelids and 
glands. The upper eyelid is small and less 
movable and the lower eyelid is large 
and more movable. The third eyelid or 
nictitating membrane is transparent. Har- 
dcrian glands supply the third eyelid, 
while lacrimal glands make their first 
appearance in reptiles. 

The wall of the globular eye is made up 
of several layers (Fig. 7.13A). The inner¬ 
most layer bounding the posterior part of 
the eye is made up of retina. It is supplied 
with fine branches of nerves from the optic 
nerve. A vascular projection ( ectodermal 
conus) arises from the blind spot region of 
retina. The layer Outside the retina is 
called the choroid which is made up of an 
inner pigmented layer and an outer vas¬ 
cular layer. Outside the choroid is situated 
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Fig. 7.13. Sense organs of Calotes. A. Section of eye. B. Showing the relationship of the organ of 
Jacobson with the nasal cavity. 0. Internal car. Circles shown in dotted line indicate the sensory areas. 


the sclerotic layer which is protective in 
nature. The front of the eye is occupied 
by lens which is a clear ball derived from 
the skin (ectoderm). The iris is a pigmen¬ 
ted and muscular ring in front of the lens. 
The iris is a prolongation of the choroid. 
The aperture in the iris in front of 
the lens is called the pupil. The front part 
of the eye is protected by cornea which is 
continuous with the sclera. The cornea is 
protected by conjunctiva , which is epidermal 
in nature. The lymph space between cornea 
and iris remains occupied by aqueous 
humour and the inner space between lens 
and retina remain filled with jelly-like 
vitreous humour. 

Auditory sense organ 

This sense organ comprises of ears which 
perform two fold functions- -hearing and 
maintenance of equilibrium. The ear of 
Calotes is made up of two parts, (1) the 
middle ear and (2) the internal ear. Ex¬ 
ternal ear is absent. 

Middle ear. It is a tubular cavity with its 
outer opening being covered by the tym¬ 
panic membrane situated behind the eye. 
The membrane is slightly depressed and is 
perforated by very minute apertures. The 
inner end of the tube is covered by a very 
thin membrane. A bony rod-like structure 
called columella auris is situated inside the 
* tube of the middle ear. The role of this 
structure is to transmit the, sound waves. 
The middle ear , is communicated to the 

. nairihf « nniiwkui kiif 1 am/t tnka 


called the eustachian tube. The middle ear 
communicates with the internal ear 
through a circular structure called fenestra 
ovalis. The internal ear is situated in a bony 
capsule. The space between the capsule 
and internal ear is filled in wilh perilymph. 
The internal ear is demarked into an upper 
utriculus which is tubular and slightly bent 
and a lower sacculus which is sac-like. Lage¬ 
na or rudimentary cochlea is attached to 
the ventrornedian side of the sacculus 
(Fig. 7.13C). From the utriculus arises a 
tubular,structure called the ductus endolym- 
phaticus which opens beneath the dura- 
mater of brain. 

There are three semicircular canals 
attached to the utriculus by both ends. 
Each semicircular canal is swollen at one 
end. The swollen part is called ampulla. 
The ampullae of anterior semicircular 
canal and horizontal semicircular canal are 
situated side by side while those of posterior 
semicircular canal and horizontal canal 
are situated at a distance. Minute masses 
of Caco 3 present inside the ampullae help 
in maintaining balance. These pieces of 
Caco 3 are called statoliths or autoliths. The 
sacculus, utriculus and the three semicir¬ 
cular canals remain filled with a liquid 
called the endolymph . 

EXCRETORY SYSTEM 

The excretory system of Calotes consists 
of a pair of metanephric kidneys situated in 
the abdominal cavity. These are retro- 
peritonial in position and lie one on either 
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side of the vertebral column. Each kidney 
is dark-red in colour and is lobed. The 
kidneys are free at the anLerior end but are 
united along the inner margins at the 
posterior part. The posterior ends of the 
kidneys run over the cloacal chamber. 

Histologically each kidney is made up of 
a central portion, the medulla and a peri¬ 
pheral portion, the cortex. The cortex con¬ 
tains numerous renal or Malpighian cor¬ 
puscles. Each corpuscle consists of a Bow¬ 
man s capsule which is a double walled cup 
of epithelial cells. The space between the 
two layers of the capsule is the beginning 
of the renal tubule. In the concavity of the 
Bowman’s capsule lies the glomerulus 
which is a spherical tuft of arterial 
capillaries. The renal tubules open into the 
collecting tubule which communicates 
with the ureter. The kidney has a double 
set of capillary system. One set is formed 
by the afferent and efferent renal arteries 
while the other set is formed by renal and 
renal portal veins. 

There is a pair of ureter's arising one from 
each kidney. The ureters are short and 
open into the cloaca separately. From iho 
lateral wall of the cloaca arises a single 
urinary bladder which is allantoic in origin. 


The urine of Calotes is semisolid in con¬ 
sistency and contains uric acid. 

Ecdysis 

Ecdysis is nothing but periodical peel¬ 
ing off of skin. Ecdysis occurs in Galores 
and thus scales lodged in skin are shed.* 
It is assumed that some amount of nitro¬ 
genous elements an 1 thrown out during the 
process of ecdysis. So ecdysis is also a 
process of excretion. 

RF,PR< )\) IK:T1 YB SYS'IT,M 

Sexes in Galotcs arc separate and it is 
difficult in distinguish between the male 
and female from external morphological 
features. 

Male reproductive system. This sys¬ 
tem includes a pair of testes situated in the 
abdominal cavity which remain suspended 
by a special dorsal fold of the mesentery 
called mesorchium. The testes are white oval 
bodies. 'Fhe testis of the. right side is larger 
in size compared to that, of the left side and 
situated slightly higher up in the abdominal 
cavity. From the inner surface of each 
testis runs the epididymis which receives the 
vasa efferentia. The epididymis “proceeds 
posteriorly as vas deferens (Fig. 7.14A). Two 
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Fig. 7.14. Urinogenital system of Calotes. A. Male. B. Female. 
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vasa dderentia open separately by small 
papillae into the cloaca but before opening 
into the cloaca each receives the ureter of 
the, corresponding side. So through this 
common duct both urine and male gametes 
pass into the cloaca which is designated 
as the urinogenital duct. The posterola¬ 
teral side of the cloaca is provided with a 
pair of cQpulaiory sacs each of which houses 
a hemipenis. The hemipenis is reversible. 

Female reproductive system. This 
system includes a pair of ovaries which 
have similar position as that of testes (Fig. 
7. MB). Each ovary is fixed to the dorsal 
side -by a special fold of mesentery called 
the mesovarium . The female gonoduct is 
called the oviducl. The oviduct is attached 
with the body wall by a special fold of 
peritoneum called the broad ligament. The 
anterior end of the oviduct is wide, funnel- 
shaped, ciliated and is situated near the co¬ 
rresponding ovary below the level of lungs. 
The oviducts aic not coiled but arc folded 
which run posteriorly to open indepen¬ 
dently into the cloaca. The diameter of the 
oviduct shows gradual increase towards 
the posterior side in cross-section. The 
lower part of the oviduct is designated as 
the uterus where the eggs are stored tempo¬ 
rarily prior to laying. In the anterior part 
of the oviduct there are many albumen 
glands and the posterior part is provided 
with shell glands. 

Fertilization 

In Galot.es the fertilization is internal. 
Mature eggs arc fertilized in the anterior 
part of the oviduct. The eggs arc heavily 
yolked and are covered- bv calcareous 
shell. 

Example of Reptjlia —SNAKE 

The different snakes under the suborder 
Ophidia are the objects of fascinating study. 
Snakes and lizards are so closely related 
that they arc included under the order 
Squama/a. The close relationship existing 
between them are easily understood when 
it is recalled that many lizards lack usuable 
limbs and some primitive snakes have ves¬ 
tigial legs (remnants of hindlimbs). Loss of 
limbs in snakes is essentially an aid of living 
in the subterranean realm. Snakes are 
considered as a flourishing group and are 
geologically more recent in their origin. 
Snakes have been evolved from the 
lizard-like reptiles ifi the Mesozoic era. 


ANATOMICAL PECULIARITIES OF 
SNAKES 

Jr Due to the fossorial adaptation, snakes 
show' many peculiar features (Figs. 7.15). 



Fig. 7.15. A. Head of a snake showing the 
arrangement of head shields. FL Arrangement of 
scales on the ventral side of the body ol a snake. 
C« & D. Showing the vestigial hindlimbs in Python. 

PATERNAL FEATURES 

The body of snakes is extremely elongat¬ 
ed and cylindrical. The limbs arc usually 
absent, except in certain geneva where 
traces of posterior limbs are present at. the 
base of the tail and hear conical claws. 
Distinct neck is absent. The body is cover¬ 
ed with scales and shields. The ostcoderms art* 
absent. The scales are usually small and 
overlap each other, but. the shields are 
usually large and join each other by their 
margins. The head is covered mostly by 
the head shields (Fig. 7.15A). The head 
shields are named according to their 
placement. The shields situated in the 
mental groove on the ventral side between 
the rami of the lower jaws are called the 
mental shields. The mental shields are con¬ 
sidered to be a peculiar feature. The other 
shields are: frontal shield, superciliary shields, 
rostral shield , upper labial shields , nasal shield , 
preorbital shields, loreal shield, median labial 
shield, jugular shields , ventral shields , etc. The 
scales on the ventral side of the body are 
broad and cover the body like transverse 
bands. These ventral scales are called the 
gastrosteges (Fig. 7.15B). The whole of the 
scaly epidermis is cast off several times in a 
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year. This phenomenon is called the ccdysis 
or moulting . The head is more or less coni¬ 
cal. The nostrils ai;e terminally placed. 
The eyelids are fused over the eyes. The 
tympanic membrane , tympanic cavity and emta- 
chian tube are absent. The cloaca! aperture is a 
transverse slit. Males are provided with 
paired copula tory organs. 

I NTKRNA L STR l * Cl UR RS 

The internal structures of the snakes also 
become modified in response to their pecu¬ 
liar mode of living. An elongated and fork¬ 
ed tongue is present. The base of the tongue 
is provided with a muscular sheath into 
which the tongue may be retracted. The 
teeth are conical, bac.kwardly slanting and 
are fixed on jaw bones. The labial glands 
become modified into poison glands and 
do not help in digestion. The alimentary 
canal is relatively small. 'The stomach is 
elongated. The liver is elongated with uneq¬ 
ual lobes. The lungs are asymmetrical, left 
lung is often small and smneiirncs absent. 
About half to one-tlurd posterior part of 
lung serves as the reservoir of air. The elon¬ 
gated trachea opens at the anterior portion 
of buccal cavity and may be protruded bet¬ 
ween the two halves of die lower jaw. This 
is a modification for respiration during 
swallowing of prey. The heart is typically 
reptilian. The arterial arches are asymme¬ 
trically disposed and the ductus caroticus is 
absent. The kidneys are asymmetrical and 
elongated. The urinary bladder is absent. 
The gonads are asymmetrical. The males 


are provided wjjh a pair of cversible copu- 
latory organs, the apex of which may bear 
spiny projections. They are mostly ovipa¬ 
rous in habit but some are viviparous. 
The eggs arc moderately lelolccithal 
and the egg shell is leathery. The brain is 
narrow, elongated and projected between 
the eyes. The parietal organ is absent. The 
organ of Jacobson is well developed. 

The skull is stieptostylic (i.e., the quad¬ 
rate is highly movable) in nature and 
occipital condyle is distinctly tripartite. 
The fossae and interparietal foramen are 
absent. The parictals fused together to 
form a single piece ( Fig. 7.I6A). The fron- 
tals arc provided with lateral projections 
which unite at the floor olTlie skull. The 
posterior border of the orbit is formed by 
postfrontal. The prrmaxillac have united 
to form a single piece. The maxilla, pala- 
tincand pterygoid ate movable. 'The quad¬ 
rate and squamosal are loosely articulated 
with the skull. The squamosal is horizontal 
in position and extends beyond the pos¬ 
terior limit of skull (Fig. 7.16Bb Flic pala¬ 
tine and pterygoid of one side do not unite 
with the fellows of opposite side. Basisphe* 
noicl is prolonged into rostrum. •The epi- 
pterygoid is attached to pterygoid afid 
maxilla. Tntcrobital septum is absent. The 
mandible is composed of several pieces of 
bones and the rami arc. united by liga¬ 
ments. The teeth are present on maxilla, 
palatine, pterygoid and dentary. 

The vertebrae are strongly procodous 
and divisible into prcrandal and caudal 
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7.1b. A. Dorsal view of the skull and lower jaw of a nonpoi Vorious snake. B. Ventral view of 
c skull of a nonpoisonous snake. C. Anterior view and D. Posterior view of a prccaudal vertebra 

of snake. 
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regions. Besides prc- and post-zygapophysis, 
extra, articulating surfaces called zygos- 
phene at. the anterior face and zygantra at the 
posterior face are present (Fig. 7.16C.D). 
Some of the vertebrae may have a median 
hypophysis. Transverse processes are rod¬ 
shaped and well-developed. 'These proces¬ 
ses at the caudal region are bifid. The 
ribs are hollow, single headed and present 
in all vertebrae except atlas. Distally the 
ribs are attached to ventral scales by ligam¬ 
ents to help in locomotion. The girdle bones 
and limbs are completely absent. Pelvic 
girdle is represented as a vestige in python. 

POISON APPARATUS AND BI TING 
MECHANISM OF POISONOUS 
SNAKES 

The poison apparatus consists of a pair 
of poison glands and a pair of fangs (Fig. 
7.17A). The glands are situated one on 



fig. 7.17. A. Poison apparatus of snake. H-D. 
Different types of fa tigs, li & D in sectional view. 


either side of the upper jaw. The poison 
glands are possibly the modified superior 
labial glands. Each gland is sac-like and 
provided with a narrow duel at its anterior 
end. The duct passes forward along the 
side of the upper jaw and loops over itself 
just in front of the fang and opens either at 
the base of the fang or at the base of the 
tunnel on the fang. The poison gland is 
held in position by ligaments. An anterior 


ligament attaches the anterior end of the 
gland to the maxilla. A posterior ligament 
runs between the gland and quadrate. 
Fan-shaped ligaments are situated between 
the side walls and squamoso-quadrate 
junction. The fangs are sharply pointed 
and are enlarged maxillary teeth which re¬ 
generate when lost. "There are two types 
of fangs -- open type and closed type (Fig. 
7.17B-D). In open type as in cobras, the 
poison groove is open and in closed type 
as in vipars, the poison groove forms a 
tunnel having two openings, one at the 
base (intake aperture) and oik near the 
apex (discharge aperture). 

The poison apparatus is associated with 
specialised hands of muscles. T hese mus¬ 
cles are: (a) Digastric attached to the 
squamosal of the skull at one end and the 
articular of t he lower jaw. I t helps in open¬ 
ing the jaws, (b) Sphenopterygoid or Protrac¬ 
tor-pterygoid muscle .Attached anteriorly 

to the sphenoid region and posteriorly to 
the dorsal surface of the pterygoid. It 
assists in pulling the pterygoid forward, (c) 
Anterior and posterior temporalis muscles — 
attached to the side walls of the cranium 
and the lower jaw. They help in closing 
the lower jaw. 

Biting mechanism 

"The mechanism of biting is a complicat¬ 
ed process and the sequences of biting may 
be discussed in three observable steps. 
These are: (a) Opening the mouth. The digas¬ 
tric muscle contracts, as a result the mouth 
opens, (b) Rotation of maxilla. As the mouth 
opens the lower jaw moves forward and a 
rotation of the squamosal, quadrate and 
mandible in relation to each other occurs. 
Now the sphenopterygoid muscles con¬ 
tract. This contraction results in the for¬ 
ward movement of pterygoid and up-push¬ 
ing of the cctoptcrygoid. The upward 
movement of the cctoptcrygoid brings 
about a rotation of the maxilla on its own 
axis round the lacriinal and as the end 
result the fang is raised and becomes direct¬ 
ed forward (Fig. 7.18 A, R). The fang is 
nearly horizontal in position when the 
mouth remains closed. But during opening 
of the mouth to bite, the fang assumes al¬ 
most vertical position. (c) Closing of mouth . 
This is brought about by the contraction of 
the temporalis muscles and sphenoptery¬ 
goid muscles. The point of the fang is 
directed backward while the mouth is 
dosed. It takes a longer time to open the 
mouth than to close it. 
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fig. 7.1M. Showing partly opened (A) and lullv opened (B) mouth of a poisonous snake. Note 
the* relative position of the fang, maxilla, lower jaw, quadrate and squamosal. (1 and I), Schemes 
showing the relative position of principal bones involved in the erection of fling. 


Transference of venom 

During the contraction of the* digastric 
muscle the posterior ligament is relaxed 
and during the rotation of the squamosal 
hone the fan-shaped ligaments are stretch¬ 
ed t.o squeeze the walls of the gland. This 
makes the poison to come out of the gland 
through the duct and fang. 

Nature of venom 

Snake venom is a dear, t ransparent, pale 
yellow or straw coloured fluid and is in 
fact a pure solution of two or more protein 
materials. It is acidic in reaction and 
soluble in water and glycerine. The poison 
is precipitated in reagents like silver nitrate 
and permanganate of potash. 

Effect of poison 

The venom is generally introduced into 
the subcutaneous tissue and then it reaches 
the general circulation. When introduced 
directly into the vein the effect is instan¬ 
taneous. The venom of different snakes 
acts differently. 


(a) Cobra poison. 'The cdects are observed 
wit hin half an hour. Symptoms are geedi- 
ness, high pulse rate, extreme salivation, 
partial paralysis of longue and larynx, 
vomiting and contraction of pupil. The 
eyes remain sensitive, to light and con¬ 
sciousness remain undisturbed. Respiration 
is shallow, ultimately ceases and death 
follows. 

( b) Viper poison. The effects are observed 
within quarter of an hour. Symptoms are 
swelling of the wounded region, discoloura¬ 
tion due to extra vasation, acute burning 
pain, pupil dilatation, high pulse rate, 
profuse vomiting and watery’ discharge 
bom rectum. Eyes lose sensitivity to light 
and consciousness is affected. Extra vasa¬ 
tion becomes extensive, swelling spreads 
and death comes. The* poison of the two 
groups differ in properties though a viper- 
nnc can poison a colubrine and vice versa. 
The poison is effectless on members of 
same family. 
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i Table Chordata- 10 

DIFFERENCE BETWEEN NONPOISONOUS AND POISONOUS SNAKES 


NONPOISONOUS SNAKES 


POISONOUS SNAKES 


1 . 

Colour 

Not bright. 

Brightly coloured. 

2. 

Shape of head 

Elliptical. 

Posterior portion is broad. 

3. 

Hood 

Absent. 

Present. 

• 4. 

Abdominal scale 

Small. 

Large, extend from side to side. 

5. 

Head shield 

Small. 

Very large. 

6 . 

Lorca 1 shield 

Absent. 

| Present, shapes may be variable. 

7. 

Mental shield 

Small. 

; Fourth one is large. 

8 . 

Teeth 

Uniform. 

! Maxillary teeth are large and are 




called ‘Fangs’. Fangs arc provi¬ 
ded with groove or canal. 

9. 

Poison gland 

Absent. 

Present. 

10. 

Strcptostylism 

Less marked. 

; Well marked. 


SOME INTERESTING REPTILES 

Gecko. Lives in proximity to man and in trees, 
thalchcs^elc. About 30 cm in length having a tail 
shorter than head and body (Fig. 7.19A). The skin 
is granulated, spotted and coloured grc\. The toes 
bear undivided adhesive lamellae (Fig. 7.191V). It 
can emit sound. They are useful as they devour 
insects, spiders, cic. House lizard, Hcmidacfylus , a 
member of Gecko family has divided adhesive 
lamellae. 

Draco (or living lizard). Small lizards with long 
tail having a parachute web on each side of the body 
supported by 4 or 5 pairs of long hinder ribs (Fig. 
7.19E). These, are carried in folded condition and 
spread out when the lizard takes a long leap. Gene¬ 
rally they live in trees. 

Varanus or Monitor. 'Fail is compressed and lunger 
than the body (Fig. 7. !9D). Size from head to tail is 
about 15 cm. Colour is black on variable grounds 
of yellow, olive and brown. 

Uromaslix. Spiny tailed lizard,.with sandy colour. 

Chameleon. Body is compressed; skin is granulated; 
tail is prehensile (See Fig. 7.201)}; tongue is long, 
club-shaped and sticky which ran be shouted out. 
Colour is changeable. 

Phrynosuma . Popularly known as homed toad and 
has numerous small scales and a collar of sharp 
spines made of scales (Fig. 7.19C). It shows desert 
adaptation. 

Iguana (or kamade dragons). It may attain length 
of 90 cm (Fig. 7.19G). The teeth are plcumdont 
and are very powerful. They are nearing extinction. 

Heloderma. Measuring about 30 cin in length, 
brightly coloured with blr * k and yellow spots, is 
the only poisonous lizard known (Fig. 7.20E). 
Figs. 7.20F and G show the position of the poison 
gland. This gland opens by numerous ducts. Each 
duct leads into the groove of a tooth. 

Slow worms (or glass makes). Belonging to the 
family Amphisbaenidae. These are degenerated 


lizards without limbs and scales (Fig. 7.I9F). The 
eyes are small with eyelids and resemble snake". 

Typhlops (or worm snake). It is a small worm like 
burrowing snake. The eves are hidden beneath the 
head scales and the teeth are absent in the lower 
jaw. The tail is stumpy and is either conical or end 
in a spine. They are harmless and found under 
stones or in burrows. It belongs to the family, 
Typhlopidae. Example: Tvphlops hraminus. 

Glaucoma or Him snakes (Fam. Glauconidae). It 
resembles the worm snakes but the upper jaw is 
toothless. 'The hipbones are much developed and 
hence the name. Example: Glaucoma hlamlfordi. 

Uropeltis or Sheid tailed snakes (Fam. Uropelli- 
dae). It has a peculiar tail. 'The tail is short and 
ends abruptly in flat disc set at an angle to the axis 
of the body. Example: Uropeltis grandis. 

Xcnopeltis or Rainbow snake (Fam. Xeuopelti- 
dae). The body is covered by highly polished irri- 
desccnl scales. Only a single species exists. Example: 
Xcnopeltis unicolour. 

Boas and Pythons (Fam. Boidae). They arc 
readily recognised from all snakes by their giant 
size and construction. They are mm venomous, have 
both the lungs and vestiges of pelvic girdle. Boas are 
viviparous while pythons are oviparous. Examples: 
Python rcticulatus , Boa constrictor. Anaconda (. Eunectes ) 
of tropical South America is a water boa of great 
size. 

Vipers (Fam. Vipcridae) arc well known for their 
most efficient venom injecting apparatus. The 
family is divided into two subfamilies--one having 
a facial pit (Crotaliriac), the other without it 
(Vipcriuae). Examples: Pit-viper. Rattle snakes 
(Crotalus) are deadly poisonous and characteristic in 
having a ‘rattle*. A rattle is a horny structure, gains 
a segment each time a snake sheds and helps in 
telling the age. Example: Vipera russellL 

Cobras and coral snakes (Fam. Golubridae) are 
all poisonous. Cobras have expansible hood and 
sea snakes have laterally compressed tail. Examples: 
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A aja naja , A uja hannah , Dtndrofdiis (Manila of 
Africa). 

Crocodylus fwrasus. Indian crocodile, may measure 
() rn. Very common in die eastern coast of India. 
They are fierce reptiles and dangerous man-eaters. 

Crocodylus niloticus. They are the sacred crocodile 
of tropical Africa (Fig. 7.20AE They exhibit a pecu¬ 
liar friendly partnership with little birds belonging 
to the genus Pluvianus which enter into the kept- 
open mouth oi the animals and remove parasites 
specially helminths firm the root of teeth. 

Alligator. This genus of crocodile is often con¬ 
fused with Indian crocodiles. Alligators (Fig. 7.20B) 
arc not found in India and they are strictly restrict¬ 
ed to China and South America. 

Gavinl gangeticus. Commonly known as '(ahnrial’ 
and occurs in lilt: rivers ofliurma and Indian rivers, 
specially the Canges, Indus, Brahmaputra and Ma¬ 


wide. The carpal and tarsal hones are fused and 
the digits remain embedded within the flipper. 
Claws are absent. Skull is of auapsid type. Female 
Chelone lays eggs at night on the beaches of remote 
islands. Kggs are laid in two or three batches and at 
intervals of abcul a fortnight. Chelour is on the 
verge of extinction because of excessive killing. 

Trionyx is a most widespread runic. Popularly 
it is known as soft-shelled turtle. 4 The carapace 
lacks sculrs and is covered oxer b\ skin. The snout, is 
elongated and ends in a small proboscis. The beak 
is horny and the lips are soft. Each limb bears three 
claws. The body length is less than a meter. They 
are strictly aquatic and feed on fishes, frogs and 
mollusks. The females lay about twenty spherical 
eggs at a time and bin v the eggs in sand some dis¬ 
tance. from water. The Indian species. Trionyx 
gangelicus fives in 1 ndian rivers. 



fig. 7.19. Some interesting reptiles. A. Gecko. B Adhesive lamella of Getko. C. Iguana. 
1). Vtnanus K. Draco. F Slow worm. O. PI try nosoma. 


hanadi (Fig. 7.20C). These are large, crocodiles and 
may measure fi m or above. Though they are fish 
eater and considered harmless to man, often orna¬ 
ments have been encountered in their stomach. A 
display of ornaments obtained from the stomach of 
dead crocodiles may be seen in Calcutta Museum. 

Chelone (Ch. tnvaas) is an edible turtle. It is 
green in colour. It aitains a length of about 1 m 
and weighs between 150-175 kg. The carapace of 
chelone is depressed and the limbs are modified for 
swimming in water. The limb bones are flat and 


CLASSIFICATION 

Reptiles dominated the earth during the 
Mesozoic era. All the reptiles evolved From 
the CotvJosaurian stem forms which dis¬ 
appeared by the late Triassic times. Most 
of the reptiles failed to survive beyond 
Cretaceous period due to widespread ele¬ 
vation of earth surface coupled with chan- 
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Order Icthyosauria, e.g., Icthysamus, Ophthahno - 
satirus. 

Subclass Synaptosauria 

Order Proiurosauria , e.g., Amescclis. 

Order Sauropterygia , e.g,, PI modus, Cyamodus. 

Subclass Lepidosauria 

Order Eusuckia, e.g.. Toungina. 

Order Rhynchocephaliafe.g.* Sphenodon, 
Order Squamala ^ 

Suborder Lacertilia, e.g.. Lizards. 
Suborder Ophidia. e.g., Snakes. 
StiUdass Arrhosauria 

Order Thecodontia , e.g., Ornilhosurhus , Phylosau - 

* 

Order Crocodilia (or Loricata ), e.g., 
codylus , Alligator , Gavial. 

Order Pterosauriu , e.g., PteranrJou , Pterodactyl us. 

()rdcr Saurisrhia , e.g.. Tyrannosaurus* Gorgosaurus. 
Order Ornilhisrhia , e.g., Iguanodon, Gnmptosuurus . 

Sight lass Syriapsida 

Order Polycosunt in* e.g., Diwetrodnn. Edapimnurus. 
Order Thcrapsidn , e.g., Gnognat/ius. 

Order Ididnsauna, e.g., Trilylodon , Rienolhtrium. 


Triassic periods. T*hc characteristic features are: 
(1) the‘complete r.iofing of the skull and (2) flat¬ 
tened plate-like pelvis. The order includes two 
suborders: Guptorhinmuorpha and 1 )iadeetomor- 
plia. Examples: Seymouria, Captorhinus and Diadectes . 

Order Chelauia. The order Chdonia in¬ 
cludes the tunics and tortoises. They have 
unusual appearance and are actually the 
“reptiles in boxes’’. The chelonians may 
be marine or fresh water forms. Some 
forms inhabit the marshy land. The body 
is more or less elliptical and dorsoventrallv 
flattened. The body is encased by a convex 
dorsal shield called the carapace and a Hal 
ventral plate designated as the plastron. 
The head, neck, tail and limbs ran be 
retracted inside the encased body. The 
chelonians move slow on land, bin. the 
aquatic forms swim fast by the paddles. 
They can withstand prolonged starvation 
by reducing the metabolic activities. 

The tail is short. 'The cloaca! aperture is 
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Fig. 7.21. A. Diagrammatic longitudinal sect inn of ilic heart of Chdoni.t. B. Main bloodvessels 

of Chclonia. 


CLASSIFICATION WITH CHARAC¬ 
TERS 

The class Reptilia is divided into six 
subclasses. Most of the members are extinct 
and the living reptiles are represented only 
by a few divergent forms. 

Subclass A na psi da 

This subclass is characterised by the skull de¬ 
void of fossa behind the eyes The roof of the skull is 
solid. This subclass includes two orders: Cotylo- 
sauria and Chdonia. 

Order Gotylosauria. All the members of the order 
are extinct and form the ‘stein-reptiles’ from which 
other reptiles have probably been evolved. They 
lived between Upper Carboniferous to Upper 


longitudinal. Males possess a single me¬ 
dian ropulatory organ. 'The limbs are 
pcnladaclylous. The limbs may be modi¬ 
fied into paddles in aquatic forms. 

Teeth are absent in adult condition and 
the jaws arc covered, by horny pads. The 
gullet shows a great development. A long 
horny papilla points downwards which 
help in tearing food. 

The ventrir le is completely divided by 
the interventricular septum (Fig. 7.21 A). 
Fig. 7.2IE shows the position of main 
arteries and veins in Chdonia. Body tem¬ 
perature is not constant. 
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The nasal opening is*single and an¬ 
teriorly disposed. The lungs remain attach¬ 
ed to the dorsal wall of the thorax and are 
invested with peritoneum on the ventral 
side only. Inspiration and expiration are 
done by movement of pectoral girdle and 
hyoid apparatus. The animals can suspend 
breathing for a considerable period. The 
vocal cords arc absent. 

In males the reproductive structures of 
each side lie close together. The penis is 
grooved and attached to the anterior wall 
of cloaca. Chelonians are oviparous and 
the eggs are provided with shell. 

The skull is secondarily anapsid type 
(Fig. 7.22) and mommostylic , i.e., quadrate 
is immovably articulated to skull. All skull 
bones are firmly united to each other. A 
bony secondary palate is present which 
separates the nasal cavity from the mouth 
cavity. The occipital condyle is tripartite. 


(or procoracoid) which is ventrally directed. 
The scapular arch is internal to the ribs. 
The pelvic girdle consists of dorsally placed 
ilia attached to carapace. The ischia are 
posterior in position and the pubis is ante¬ 
rior in position. An epipubic cartilage is 
present. The pelvic symphysis is ischio- 
pubic: in nature. 

Structure of Shell . The shell consists of 
dorsal carapace and ventral plastron and 
lateral bridges. The carapace is the upper 
part of the shell which covers the back and 
sides, plastron covers the belly and both of 
them are joined on each side by the bridge. 

The shell is made up of two layers- 
an outer layer of horny shield or der¬ 
mal scutes and an inner layer of bony 
plates. These two layers are broken up into 
sections that fit together like tiles. The sec¬ 
tions of the horny plate is made up of 5 
vertebral*, which form the central part, 
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Fig. 7.22. A. Lateral view of (he skull of Chelone. B. Ventral view of tlie skull of Chelonc. 
C. Dorsal view of the skull of Trionyx. 
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The hyoid apparatus has a complex struc¬ 
tural construction. The vertebrae are pro¬ 
coclous or amphicoelous. The cervical ver¬ 
tebrae are eight in number and are varied 
in regard to their articulating surfaces. 
The abdominal ribs are absent and the 
cervical ribs arc rudimentary. The dorsal 
vertebrae are ten in number and lack 
transverse or articular processes. The 
ribs are fused with the carapace. Lumber 
vertebrae are absent and sacral vertebrae 
are two in number. The caudal vertebrae 
are few in number. , 

. The sternum is absent. The pectoral 
girdle consists of a ventral coracoid and 
dorsal scapula attached to the carapace. 
From the scapula arises a large prccoracoid 


8 costals arranged 4 in one side and round 
the vertebrals and a number of marginals. 
Of these marginals, two are called nuchals. 
The nuchals lie in the same line oi the ver¬ 
tebrals and mark the beginning and the end 
of the central part. The inner bony layer is 
formed by the flattened neural spines which 
form the median pieces, expanded and 
fused ribs which are eight in number and 
are arranged as the median pieces and a 
series of marginals. 

The outer layer of plastron consists of 
paired gular, humeral, pectoral, abdomi¬ 
nal plates. Femoral and anal scutes are 
arranged along the anteroposterior axis 
and a number of marginal scutes is pre¬ 
sent. The inner layer is made up of nine 
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bones and three anterior pieces which 
represent clavicles and interclavielcs. 

Examples : 

Members belonging to the family Dermo- 
chelidae do not have bony carapace and the 
shells are leathery. These animals may 
measure about 2 meters and herbivorous 
in habit. Generally three claws are present 
on each foot. Sea-turtles belonging to the 
family Ghelonidae are all marine and have 
paddle-like limbs and partially ossified 
carapace. Chelone viridis is in much demand 
as food. Tortoise shell is obtained com¬ 
mercially from Eretmochclys imbricata. Land 
tortoises belong to the family Testudonidae 
have perfectly ossified carapace and their 
feet are perfect to walk on land. 

Subclass Icthyopterygm 

The members of this subclass are all extinct. 
The roof of the skull was provided with an upper 
opening behind the eye and was bounded below by 
postfrontal and supratemporal. Two orders: Mcsosauria 
and Icthyos.Miiria are included under the subclass. 

Order Mcsosauria. They occurred in late Carboni¬ 
ferous or early Permian strata. They were aquatic- 
in habit and lived iu fresh water lakes. The body 
was slender and measured not more than a meter 
in length. The hind legs were much powerful than 
the front legs. The tail was laterally compressed. 
Example: Mesosaurs. 

Order Iclhyomiria. They occurred between mid¬ 
dle Triassic and upper Cretaceous. They were 
marine and fish-likc in appearance. Some were of 
considerable length measuring about 10-la meters. 
'Their skull had a single lateral vacuity. 'The head 
was large and produced into an elongated snout. 
The tail was long and limbs were in the form of 
paddles. The vertebrae were amphicoelous and 
cervical ribs were double headed. The sternum was 
lacking but abdominal ribs were present. Examples: 
Icthyosaurus, Ophthalmosaurus . 

Subclass Synaplosauria 

Late Palaeozoic and Mesozoic aquatic reptiles 
are included under the subclass. They possessed 
a single temporal (parapsid) fossa high in the skull. 
Synaptosauria includes two orders: Protorosauria 
and Sauropterygia. 

Order Protorosauria. Existed during lower Per¬ 
mian. The reptiles were lizard-like in appearance 
not exceeding 30 cm in length. 'They were terres¬ 
trial and were very agile. 'The vertebrae were am¬ 
phicoelous. Example: Araescelis. 

Order Sauropterygia. . Existed between Permian 
and Triassic strata. They were aquatic in habit. 
They had single, temporal vacuity in skull which 
was bounded below by a postorbital. The squamosal 
and coracoid were single. The feet were webbed in 
some forms. There are three suborders under this 
order. Examples: Placodus , Cyamodus. 

Subclass Lepidosauria 

Representatives of this subclass have two 
temporal vacuities in the skull. In some 
specialised forms the vacuities have be¬ 
come reduced. This subclass embraces 


three orders: Busuchia , Rhynchocephalia and . 
Squamata. 

Order Eusuchia. Lived in the upper Permian 
period. The skull had interparietal and tubular 
bones and parietal foramen. An orbital foramen was 
absent. Example: Toungina. 

Order Rhynchocephalia 

The order Rhynchocephalia is represen¬ 
ted by a living representative, Sphenodon. 
Sphenodon is the oldest surviving lepido- 
saurian reptile and a Mesozoic fossil ( Homo - 
eosaurus) shows the continuity of the race. 
It is a living fossil and is popularly called 
the “HaUeria” or “Tuataia”. Sphenodon 
was widespread in the main islands of New 
Zealand but is now restricted to some islets 
in the Bay of Plenty, North Islands. Due 
to the attacks of the wild pigs, dogs, cats, 
reptile-eating Maori tribes, the members 
of the genus, Sphenodon have been swept 
away in some small lone Islands, where they 
can live safely. Very recently rigid conser¬ 
vative measures have allowed the genus to 
recover in number to a considerable extent. 

Sphenodon is a timid animal which devo¬ 
urs mainly on the insects. It lives in burrows 
and is nocturnal in habit. Sphenodon has a 
lizard-like body measuring about 70 am 
in length. The body is dull olive green in 
colour with yellow spots above and whitish 
below. It weighs about 1 Kg. The tail is 
bilaterally compressed and crested. The 
tail can regenerate, if it is lost. The body is 
covered by small granular scales except the 
lower side where the scales form transverse 
rows of large square plates. A median row 
of erextive spines (‘frill’) extends from the 
top of the head to the tip of the tail, but is 
interrupted at the neck region (Fig. 7.23A). 
'The eyes are large, dark brown in colour 
with vertical pupil. 'The cloaca! aperture 
is a transverse slit. The males lack copula- 
tor y organs. 

The skull is typically built on the 
lepidnsaurian plan. The skull is composed 
of paired premax iliac, nasals, frontals and 
parietals (Fig. 7.23B, C). A parietal fora¬ 
men is present. Three temporal fossae are 
present. These are: (a) Supratemporal, 
situated behind the orbital fossa, (6) Infra¬ 
orbital, located lateral to the supratem¬ 
poral and (c) posttemporal, bounded, by 
posttemporal bar. A fenestrated interorbi¬ 
tal septum is present. Quadratojugal is 
ossified and quadrate is united to pterygoid, 
squamosal and quadratojugal. A vacuity 
is present between the median part of the 
pterygoids. An epipterygoid is present. 
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Fig. 7.23. A. Kxtmial structures of Sphenodon. B. Dorsal view of the skull of Sphenodon. (!. Lateral 
view of the skull and lower jaw of Sphenodon. D. Lower jaw of Sphenodon. E. V'rrtcbra of Sphenodon . 


The rami of* the iower jaw are united by 
ligament. 

The vertebrae have amphicoelous centra 
(Fig. 7.23E) with persistent notochord. A 
so-called proatlas is present. Almost all the 
vertebrae possess chevron bone. The cau¬ 
dal vertebrae are divided by septum. The 
ribs are single headed, some of the ribs bear 
cartilaginous uncinate processes. First 
three ribs arc: represented by bands of con¬ 
nective tissue. Other ribs arc bony. Abdo¬ 
minal ribs are present. A median sternum 
is present. The coracoids and interclavicle 
are attached at the anterior end. The 
intcrclavicle is ‘T’-shapcd and its lateral 
branches are fused with the clavicles. The 
coracoids lack fenestrae. The humerus 
bears both an cvtcpiconclylar and an enti- 
picondylar foramina. There are 10 or 11 
pieces of separate carpal bones. The pubes 
are united by a syiiiphvsis. A cartilaginous 
epipubis is present. A large ischiopubic 
foi;amen is present between the ischium 
and pubis. A cartilaginous hypoischium is 
fixed to the ischia behind. The ilia are 
erect. 


In Rhynchocephalia, the teeth are acro- 
dont and are fused with the subsequent 
bone. A Vow of small triangular teeth is 
present on the maxilla and another set on 
the palatine. 'Flic mandibular teeth bite 
between the two rows on (lie upper jaw. 
The pterygoids are toothless. Vomerine 
teeth are present in young individuals. In 
Sphenodon, the teeth are replaced by pads. 
The heart is typically reptilian, but the 
three main arches instead of emerging in¬ 
dependently from the ventricle, come off] 
by a short common trunk. The arterial and 
venous systems show certain interesting 
point of similarity with that of urodela. 
The brain is simple (Fig. 7.24A) with a 
very well-developed parietal organ (third 
eye). Much publicity has been given to 
the so-called third eye of Sphenodon. In 
young stage, its position is marked by a 
translucent scale over the skull. But in the 
adult, it becomes covered with skin. The 
third eye is made up of a lens, a retina 
with a nerve connected to the brain, but 
iris is absent (Fig. 7.24B). The actual role 
of the third eye is not ascertained. It shows 
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a tendency towards degeneration. The life 
process is slower than that of other rep¬ 
tiles and the eggs take over a year to hatch. 


pineal body cerebellum medulla 



blood b 
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Fig. 7.24. A Lateral virw of the brain of Sfihcrw- 
tinn. J-XII. Cranial nerves. B. Sectional view of the 
third eye of Sphenodon. 

Biological status of Sphcnodon 

Sphenodon possesses many peculiar fea¬ 
tures. It shows many structural similarities 
with the lizards. The similarities arc: 
(1) Presence of parietal organ. (2) Similar 
circulatory and respiratory systems. (3) 
The skull is typically built on the lacertilian 
.plan. (4) Amphicoclous vertebrae in 
Sphcnodon and Gecko, But Sphenodon 
differs from the lizards by having (1) an 
extra vacuity in the skull, (2) immovable 
quadrate, (3) abdominal ribs and uncinate 


process, (4) ect- # and ent-epitondylar fora¬ 
mina in the humerus and (5) 10 bones in 
the carpus. 

Sphenodon is a primitive form amongst 
the living reptiles. Absence of eopuialory 
organs in males, forward extension of the 
pterygoid to meet the vomer (a feature 
recognisable in stegoeephaJians), emer¬ 
gence of the three main arterial arches from 
a short common trunk (probably repre¬ 
senting the conus arteriosus of amphibian 
heart), retention of both ductus caroticus 
and ductus arteriosus are some of the cha¬ 
racteristics which justify the primiliveness 
of Sphenodon amongst the surviving rep¬ 
tiles. It cannot be denied that. Sphenodon 
approaches laeenilians more closely than 
any other groups of reptiles, but because 
nf the retention of many peculiar indi¬ 
vidual characteristics its placement under 
a separate order Rhynehoceplmlia under 
the subclass T.epidosauria is thoroughly 
justified. 

Order Squamata. The order Squamata 
includes die lizards and the snakes. This 
order possesses the following characters: 

(1) The skull bears superior temporal fossa. 

(2) The maxilla, palatine and pterygoid 
are immovably articulated with the skult, 
Imt the quadrate is movable. (3) Lower 
jaw is composed of several pieces of bones. 
(4) The teeth are either armlonf o rplcurodonl 
and art' borne usually on the maxillae, pre- 
maxillae and palatines. (5) The vertebrae 
are of procoelous type. Chevron bones are 
present. (6) The ribs are single-headed. 
((>) The cloaca! aperture is a transverse 
slit. (7) One pair of evcrsible copulatory 
sacs is present in males. (8) The brain is 
small. (9) Organ of Jacobson is well deve¬ 
loped. (10) Distribution is cosmopolitan. 

The Order Squamata lias two suborders 

Lacertilia and Ophidia. The Lacertilia 
includes all the lizards, while the snakes 
constitute the suborder Ophidia. The 
lizards and snakes show many contrasting 
features which are tabularised in Table 
Chordata — 11. 


Taiii.k Chordata - 11 


Points 

! Lacertilia 

Ophidia 

1. Shape 

i Elongated body, usually with two pairs 
j of limbs. 

Cylindrical body without limbs. 

2. Neck 

i Distinct. 

Usually indistinct. 

3. limbs 

Excepting the limbless lizards, the limbs 
j are pentadactylus, each digit ending in 

1 a claw. 

Secondarily lost. Vestiges of hindlimbs 
arc present in Python. 

...— ,,.j..-.. 
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Points 

Lacertilia 

Ophidia 

4. Eyelids 

Usually an upper and a lower eyelid are 
present. In the members of the fami¬ 
lies, Arnphisbaenidae and Geckonidae 
the eyelids are fused over the eyes. 

Absent and fused with the eyes. The 
eyes are protected by transparent 
scale covering the eyes as the specta¬ 
cles. 

5. Nictitating mem¬ 
brane 

Movable except Arnphisbaenidae. 

Immovable. 

6. Scales 

! 

i 

Small and overlapping. Some forms j 
develop osteoderms. May be modified j 
into spines and ‘frills' in many lizards, i 

i 

i 

Scales lack ostcodrrm. Exhibit regional 
differentiation—-forming head shields,* 
ventral shields, etc. The ventral scales 
are extremely large* and transversely 
arranged. 

7. Tympanum 

Distinct. 

1 Indistinct or absent. 

8. Occipital condyle. 

Single. 

Distinctly triple. 

9. Interorbiial sep¬ 
tum 

Present except Arnphisbaenidae. 

Absent. 

10. Fossae 

Well-developed. 

Absent secondarily. 

U. Jugal 

Present. 

Absent. 

12. Zygoma tie arch 

More or less complete. 

Complete. 

13. Epipterygoid .. 

Usually present. 

Absent. 

14. Quadrate 

Slightly movable. 

Highly movable. 

15. Interparietal 
foramen 

Present. 

Absent. 

16. Basisphcnoid .. 

Not prolonged anteriorly into a rostrum. 

Prolonged anteriorly into a rostrum. 

17. Lower jaw 

Rami are united firmly by bony sym¬ 
physis. Each ramus is composed of six j 
1 pieces of bones. 

Rami are united loosely by ligament. 
Goronoid may be absent in some 
snakes. 

18. Vertebral 
column 

Differentiated into different regions, like j 
cervical, thoracic, lumbar, sacral, etc. ! 
Vertebrae are procoelous except in j 
Geckonidae. where the vertebrae are 
airphicoelous. 

Differentiated only into prccaudal and 
(•audal regions. Vertebrae are strongly 
procoelous with extra articulating 
points—zygantra and zygosphcnc. 

19. Ribs 

Restric ted to some vertebrae. 

. . ..j 

, Present in almost all the vertebrae 

1 except the atlas. Each rib is bifid dis- 
tally and remain attached with the 
i ventral scales by ligaments. 

20. Teeth 

Hornodont, conical teeth -borne on the 
premaxillae, dentary and palatine. 

Conical recurved teeth—borne by 
maxillae, palatine, pterygoid, dentary 
! and very rarely by premaxiilae. In 
i poisonous snakes, the maxillary teeth 
become modified into fangs with 
opened or dosed venom canal. 

21. Lungs 

Both are equally developed. 

Left one is usually smaller or may be 
absent. 

22. Arterial arches 

Symmetrically disposed with ductus 
caroticus. 

Asymmetrically placed without ductus 
caroticus. 

23. Urinary bladder 

Present. 

Absent. 

24. Brain 

Cerebral hemispheres are short. 

Extremely elengated and project in 
between the eyes. 

25. Cranial nerves 

12 pairs. 

10 pairs. 
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Subclass Archosauria 

Skull was of diapsid type and larks interparietal 
and parietal foramina. Palatal. teeth were lost in 
some forms. Some forms were toothless. The lower 
jarw was with vacuities between dentary and angu¬ 
lar. In some forms bipedality was more marked and 
the girdles were modified accordingly. Order 
Thecodontia and Order Crocodiiia are included un¬ 
der the subclass. 

Order Thecodontia. They were present during 
Triassir period. Members belonging to the suborder 
Wudosuchia under this order were small in size. 
They were carnivorous in nature. The teeth were 
sharp and were lodged in sockets along the jaw 
edges. The hind legs were long and indicated the 
dawn of bipedality. The members of the other sub¬ 
order Phyhxsauria were aquatic. The skull was elon¬ 
gated. Array of holding and stabbing teeth were 
present on the jaws. The external nares.were situat¬ 
ed high above'the skull level. Examples: Ornintho - 
such us. Phylosumus . 

Order Crocodiiia 

Among the major groups of reptiles, the 
order Crocodiiia includes the largest forms 
of living reptiles. They are carnivorous anti 
fresh-water reptiles. "They swim by the 
undulation of their powerful tail. The limbs 
arc not powerful as the tail but are used in 
carrying it on land. There arc five digits in 


muscular walls $re strong and pyloric end 
is twisted upward. Very often stones mea¬ 
suring about an inch in diameter are found 
inside stomach. The cavity of the mouth is 
bounded behind by two soil transverse 
membranes which meet when the animal 
draws the prey. 

The nostrils are situated at the tip of the 
snout and can be dosed by valves. The in¬ 
ternal nasal aperture is situated at the back 
of the motif The lungs are invested by 
pleural sacs. An incipient diaphragm is 
situated between thoracic and abdominal 
wall. The heart (Fig. 7.2“)) is four cham¬ 
bered and the interventricular septum is 
complete. The roots of left and right aortic 
arches are communicated by ih v foramen 
of Pcnizza (Fig. 7.2f>(T) through which an 
interchange of blood lakes place. The cm 
codilians are poikilothmnal animals The 
brain is well-formed. The cerebellum shows 
ihe development of a median lobe ( vermis) 
and two lateral Jobes ( Jlocculi ). 'The eyes are 
provided with pec ten. 'The nervous system 
and ihe sense organs show many avian 
features. The eggs are laid in excavated 
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Tig. 7.25. Heart of Crocodiiia. (Longitudinal sectional view). A. Ventral view. B. Dorsal view. 
C. Showing the details of the foramen of Panizza. The arrow passes through the foramen. 
D. Diagrammatic view of the major blood vessels. 


the forclimbs and four digits in the hind- 
limbs. The digits of the forelimbs arc web¬ 
bed. The body is elongated and the skin 
bears epidermal scales which arc support¬ 
ed by dermal bones or scutes. The scales are 
supported by osteoderins. The tail is late¬ 
rally compressed. 'The cloac.al aperture is 
longitudinal. Males are provided single 
and median copulatory organ. 

The teeth are thecodont and are borne 
on premaxillae, maxillae and dentaries. 
The teeth contain persistent pulp. The 
stomach suggests a bird’s gizzard for the 


burrows and need no incubation. 'The skin 
glands are situated on the margin oflower 
jaw, round rloacal aperture and on dorsal 
scutes. Secretion of the glands smells like 
musk and becomes very strong during 
breeding season. 

The skull is highly sc ulptured and sutu¬ 
res persist (Fig. 7.26). Interorbital septum 
with large alisphenoid is present. Maxillae, 
palatine and pterygoids meet at the middle 
line of the roof of the skull and determine 
the position of posterior nares. Transplan¬ 
tation bone is present. The quadrate is 



272 


BIOLOGY OF ANIMALS 


large and immovable. The interparietal 
foramen is absent. Interna! nasal aperture 
is single. A bony secondary palate is pre¬ 
sent. Interorbital septum is well-developed. 
Teeth possess persistent pulp. Lower jaw is 


The order Croeodilia is examplified by 
Crocodylus , Alligator and Gavial . These three 
forms are characterised by having indivi¬ 
dual characters which are shown in Table 
Chordata-12. 
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Fig. 7.20. Skull of AMgalor. A. Ventral view. B. Dorsal view. C. Lateral view. 1). Lateral view of 

the mandible. 


composed of a cartilaginous articular work¬ 
ing on quadrate and live membrane bones. 

The vertebral column is divisible into 
cervical, thoracic, lumbar, sacral aild cau¬ 
dal regions. Vertebrae are prococlous ex¬ 
cepting the first, two cervicals, saerals and 
first caudal. The caudal vertebrae are pro¬ 
vided with chevron bones. Sternal and 
abdominal ribs arc present. Sternal ribs 
have uncinate process. Most of the ribs are 
double headed. The pectoral girdle con¬ 
sists of dorsal scapulae and ventral cora¬ 
coids. The clavicles arc absent. The cpi- 
coracoids are thin strips between sternum 
and coracoid, 'flic episternuin is feebly 
developed. The coracoids arc perforated. 
The pelvic girdle consists of large ilia, 
pubes and iselvia. The cpipubis is present 
and the symphysis is ischio-pubic in nature. 
The pubes are small and do not participate 
in the formation of the acetabulum. 


Order Pterosaur la (Pterodactyla) 

This order included the fossil living reptiles. The 
hones were pneumatic like that of birds. The lore- 
limbs became converted into wings. The fourth 
finger was greatly enlarged (“wing linger'’) to sup¬ 
port the membranous wing. The lifth finger was 
lacking and the other lingers were small. The ster¬ 
num was keeled. Examples: Pleranndon , Pterodactyls. 

Order Saurischia 

The members of this order were characterised by 
having triradiate pelvic girdle. Teeth were borne 
by the,prcnui\illae. Examples: Tyrannosaurus , Taleo- 
saurus , Gorgosaurus . 

Order Ornilhisclda 

The order Ornithischia included the “bird-like’ 
dinosaurs. The members of this order possessed a 
‘pre< lent ary’ bone in the mandible which supports 
the beak. They were all herbivorous. Examples: 
Jguano don , Trachodon, Stegosaurus , .Nodosaurm. 

Subclass Svnapsida 

They are considered as mammal-like reptiles. The 
skull was provided with a single arid lateral temporal 
vacuity lying below the postorbiial and squamosal. 
The supraoccipital was broad. The lower jaw was 
flat and the teeth were, of heterociont type. The 


Tab i>. Chordata-12 


Points 

Crocodylus 

Alligator 

Gavial 

(1) Shape of the head 

Elongated. 

Blunt and broad. 

| Elongated and narrow. 

(2) Teeth 

Almost similar in size. | 

Slightly different. 

! Strictly similar. 

(3) Mandibular symphysis 

Extend upto 8th tooth. 

Extend upto 8th tooth. 

| Extend upto 15th tooth. 

• (4) External nostril 

Bounded mainly by 
prcmaxillae. 

Bounded by premaxil- j Bounded only by the 

1 lae and partly by na- i premaxillae. 

1 sals. ! 
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shoulder girdles were with coracoids and preco¬ 
racoids. The orders under the subclass are: 

Order Pelycosauria. They existed between upper 
Carboniferous and lower Permian. The skull was 
with temporal vacuity. In forms, like Dimetrodoiu 
the neural spines were much elongated. Some forms 
were carnivorous but majority were vegelerian. The 
limbs were short. Examples: Dimetrodon, Edaplw- 
saurus . 

Order Therapsida. They existed between middle 
Permian and lower Triassic. They constituted a very 
important group from the stand-point of evolution. 
According to Romer, they bridged the entire evo¬ 
lutionary gap between a primitive reptile and a 
mammal. Jn advanced therapsid reptiles, the occi¬ 
pital condyle was double. The temporal opening in 
the skull was big. The quadrate and quadra to jugal 
were greatly reduced. In some forms, a secondary 
palate was present. The teeth were distinctly diff¬ 
erentiated into the incisors, canines and molars. 
Examples: Cynoqnathus, Tycosaurus . 

Order Iciidosauria. They existed between upper 
Triassic and middle Jurassic times. The temporal 
opening was large and conlhicnt with the orbit. 
The quadrate and articular were reduced. Denti¬ 
tion was of heierodoTil type. Examples: Trilvladon , 
Bienotfirrium. 

GENERAL NOTES ON REPTILES 

HISTORY 

The name reptiles was given with an 
eye to the snakes which crawl [repere to 
crawl). That reptiles are familiar to man 
is evidenced from the fact that there are 
frequent mentioning of snakes, turtles or 
alligators in ('astern and western mytho¬ 
logies. According to Hindu pantheon the 
the supreme (rod Vishnu had his third 
incarnation in the form of a turtle. Vashuki, 
a great snake on which the earth rests 
according to Hindu mythology, was used 
to churn the ocean to bring Atnrila , a 
liquor for immortality. The snakes have 
been assigned an evil role in Judco-Ghris- 
tian tradition. Adam was driven out of the 
Garden of Eden because of the temptat ion 
instigated by a serpent. Crocodiles and 
snakes are worshipped in Egypt. In Mexico 
a leathered serpent is the image of a fair 
God. Pliny and Galen in their time pres¬ 
cribed that to cure various ills vipers may 
be eaten. Viper tooth was much in use in 
Europe until very recently. 

EVOLUTIONARY GAIN OF REPTILES 

The evolutionary gain of the reptiles 
over the amphibians are the attainment of 
lungs and the development of embryonic 
envelops called the amnion and allantois. 
The reptiles and their descendants, the 
mammals and birds do not breathe by 


gills at any stage of their life but depend 
solely’on lungs which arc effective organs 
to derive oxygen from atmosphere. Again 
the reptiles and other conquerors of the 
land do not cradle their young ones in open 
water as do the amphibians and fislies. 
This has neeessiated the formation of a 
protective antenatal robe round the grow¬ 
ing embryo. The protective robe is the 
amnion, a thin enveloping sac tilled with 
secreted watery lluid in which the embryo 
floats. The allantois, on the other hand, is 
an outgrowth from the posterior part of 
the digestive tract of the growing embryo. 
Theamnion helps ip withstanding exposure 
to dry air and mechanical shocks. Allantois 
is a richly vascular emergency organ which 
helps in respiration and excretion. Because 
of the presence of amnion the reptiles, bu ds 
and mammals are. collectively called the 
Armiiola while all the lower vertebrates in 
which no amnion develops are called 
An amnia. 

Other features that stand out sharply in 
reptiles are the presence of a thick integu¬ 
ment covert'd with scales and lengthening 
and strengthening of Mmbs for locomotion 
on land. However, it cannot be denied 
that the name reptile* was suggested with 
an eye to the limbless crawling snakes. But 
in reality the class Replilia includes not: 
only the snakes but also the lizards, tur¬ 
tles, tortoises, crocodiles as well as the 
living fossil, Sphcnodon of New Zealand. 
The class Rept.ilia also includes a vast 
number of extinct, forms that dominated 
the earth during Mesozoic era. 

HABIT AND HABITAT 

Tropical and subtropical regions of the 
globe are the most suitable abode of the 
reptilian fauna. The reptile population 
decline markedly towards the poles and 
high altitudes, Reptiles show adaptation 
to a variety of habitats. Turtles and snakes 
prefer to live in humid regions. Crocodiles 
live in swamps or rivers or along the sea 
coasts while large turtles live in the ocean. 
Land tortoises live on arid oceanic islands 
but box turtles are found in forests. Most 
of the lizards and snakes are terrestrial but 
some of them climb rocks and trees. Many 
lizards, like Geckos take shelter in crevices 
of rocks, trees and buildings. Some tropical 
reptiles, like Draco are arboreal and volant 
form. Black snakes often ascend trees in 
search of food. Snakes live in burrows dug 
by rodents but many lizards and snakes 
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can dig burrows in sand with the rostral 
plate situated on the snout. 

Since reptiles are cold blooded animals, 
fluctuation of environmental temperature 
influence them to a good extent. In tropical 
countries reptiles remain active; throughout 
the year. In temperate countries reptiles 
remain active during day time. Reptiles 
living in the deserts or semi-desert regions 
show activity in the morning and late 
afternoon and always avoid the hot mid¬ 
day sun. Many desert snakes are nocturnal 
in habit. In cold seasons most reptiles 
undergo a period of dormancy. Lizards and 
snakes assemble in lyunber in caves or 
burrows to hibernate 1’resh water turtles 
go to t he bottom of ponds. 

SIZK 

Some of the fossil reptiles were the lar¬ 
gest terrestrial animals ever lived. They 
were mote than 120 feet in length. Largest 
among the present day living lizards is the 
Koniado dragon (Vnr anus komodemis) which 
is about 3 meters in length. Among the 
snakes Anaconda of South America attains 
a length of 10 mctcVs. In contrast to that 
the size of the snake, Lcptotyphlops of 
Syria ifrlikc that of a sewing needle. Some 
leather hack turtles are 2.1 meters in 
length. 

SKIN 

Reptilian skin is dry aiul is covered by 
scales derived front die Malpighian layer 
of the skin. These scab's are horny epider¬ 
mal structures and are different in origin 
and structure from die bony dermal scales 
offish. The scales vai) greatly in form and 
size. 'These are small papilla like in Geckos 
and Chameleons. In lizards and snakes 
these are arranged in an imbricate fas¬ 
hion. Seales are large, horny and plate-like 
in tortoise. 'The scales often become modi¬ 
fied in the form of crests and spines. In 
most reptiles the scales and the outer layer 
of the skin is shed periodically. The skin 
is shed as a whole by snakes, but in others, 
it is flaked off the body in small pieces. 

Mucous glands which were so abundant 
in amphibians, are absent in reptiles. 
Glands derived from the mucous glands are 
restricted to some special parts of the body. 
'The femoral glands of lizards and the 
glands on the throat and jaws of crocodiles 
are believed to be derived from the mucous 
glands. But the role of the glands has been 
changed. 'They are Ao longer used in keep¬ 


ing the body moist but are used as scent 
glands. 

Many reptiles can change their colour 
due 4o threat, courtship or for conceal¬ 
ment. Tor this purpose many reptiles con¬ 
tain pigment in the skin. In the dermis 
the pigments are present in distinct cells 
known as melanophores but in the epider¬ 
mis the pigments remain scattered bet¬ 
ween the cells. The pigment cells function 
under the control of nervous system and 
in sonic forms remain under hormonal 
control. 

SKELETON SYSTEM 

Reptilian skeleton is strongly built with 
solid vertebral centra. The skull is hinged 
upon the atlas by a single occipital con¬ 
dyle. The skull bones are firmly ankylosed 
and are with vacuities. The mandible is 
made up of several pieces of boner. The 
teeth are simple, conical and have acrodonL • 
pleurodont and threadoni types of attachment 
with the jaws. A pineal foramen is present 
in t he roof of the skill 1 . Vertebral column 
of the reptiles is divisible into 5 zones. Sac¬ 
ral vertebrae are usually two in number 
and caudal vertebrae bear chevron hones. 
Ribs arc single headed and may be pre¬ 
sent on thoracic and abdominal regions. 
The sternum bears a minimum of two l ibs. 
Pectoral and pelvic girdles are stout ex¬ 
cept in snakes and the limb bones are well 
developed. 

Characteristic features of skull. A 

reptilian skull is characterised by the fol¬ 
lowing: (1) Lack of cartilaginous elements. 

(2) Presence of a single occipital c ondyle. 

(3) Presence of a parietal and coronary 
sutures. (4) Presence of a parietal foramen 
in between the parietal sutures. (5) Pre¬ 
sence of an interorbital septum except 
snakes and limbless lizards. (TV; Presence of 
a rod-like epipterygoid bone be;ween 
pterygoid and parietal. (7) Presence of 
ectopterygoid or transplatine between 
pterygoid and maxilla. 

Besides these features, there are certain 
extra apertures or fossae in the reptilian 
skull. The whole classification of reptiles 
is based on the presence of these fossae. 

Nomenclatures of Reptilian skull. 

(A) Anapsida. Most primitive of the rep¬ 
tilian skull, in which the roof and the sides 
of the skull is entire, i.e., there is no fossa. 
Examples: Seymouria and chclonians. 
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(B) Synapsida* Skull with a pair oflate- 
ral or inferior fossae and situated beneath 
the junction ol squamosal and postorbital 
involving the jugal. Example: Therapy da. 

(C) Parapsida. Skull with dorsal open¬ 
ings or superior fossae, one on each side 
and above the junct ion of squamosal and 
postoibital infringing the parietal. Ex¬ 
ample : Icihyosauria . 

(D) Euryapsida. Skull with a single fossa 
behind the eye and horded below by 
postorbital and squamosal. Example: Pro- 
tor os aurs. 

(E) Diapsida. Skull with both superior 
and inferior fossae. This type of skull is 
most specialised and most surviving rep¬ 
tiles possess diapsid type of skull. 


interpreting the evolution of reptiles. 
The primary purpose of the skull or 
foam box is to house and protect the 
brain. It also affords a platform lor 
the attachment of muscles. In reptiles, 
the skull is not large as the brain itself is 
relatively small. The little increase in the 
size* of the skull of reptiles is only for 
housing the muscles which woik the lower 
jaw. This little increase has again been 
compensated by the formation of fossae or 
in other words reduction of part of skull 
bones. In lcptilian skull, a happy compro¬ 
mise between strength and lightness and 
at the same time economy of material has 
occurred. Figs. 7.27 ?md 7.2d illustrate the 
skull of two lizards, Trntnas/i\ and Varanus, 
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Lift. 7. 21. Skull of i romosli\. A. Dorsal view. 1>. Ventral view. (:. Lateral view. 1). Lateral view of 

lhr- lower jaw (Irft half). 


r l'he transition ol reptilian skull Irom 
primitive anapsid type to present day 
diapsid type stands in a good way in 


Table Chordata 15 shows the nomen¬ 
clature with characteristic features of 
reptilian skulls i after Parker and Haswell). 
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I 

Nomenclature I 


Number and position ol' lossa 


Present in 


Anapsid 


None, solid roof of skull. 


Cotylusaurs , Chrlonians. 


Synapsid 


One, low behind the eye with postorbital and squa¬ 
mosal meeting above. 


Pelycosaurians and Mammal-likc 
rep tiles. 


Parapsid 


Euryapsid 


Diapsid 


One, high behind the'eye with postfrontal and j Alesosaurs and Icthyownrs. 
supratempoial meeting below. 

One, behind eye bordered below by postorbital and i Prvlorosaurs and Sauroptoplerygians. 
squamosal. ; 

Two, postorbital and squamosal usually meet bet j Rhvrohoccphaiia, Dinosaurs, Cro- 
ween them. j codiliix. Lizards and Snakes. 
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Fig. 7.211. Skull of Vat anus. A. Dorsal view. B. Vrntral view. D. Lateral view of the lower jaw 
(left half). E. Second vertebra of Varanus. 


D1GEST1Y E SYSTEM 

Animals from fish to mammals consti¬ 
tute the food of most reptiles. Tortoise, 
turtles and some lizards like Chukwala 
and I guanos of deserts feed on vegetation. 
The I guanos of Galapagos dive deep into 
the sea to obtain marine algae for their' 
food. The total intake of reptiles is small 
compared w ith that of birds and mammals. 

Food is captured by teeth. The Chame¬ 
leons capture their prey with the help of 
their elongated tongue. Nonpoisonous 
snake during food-getting coil round the 
body of the prey until the prey dies from 
asphyxiation. Poisonous snakes strike with 
their fangs -to kill the prey by injecting 
venom. 

Digestive canal begins in mouth and 
ends in anus. The edges of the jaws are 


provided with teeth. Teeth are present on 
some of the bones of the palate in some 
cases. The teeth are conical and recurved 
backwards. Teeth may be serrated or modi¬ 
fied to form crushing pads. Fangs are modi¬ 
fied teeth. Excepting the lizards, succession 
of teeth is a continuous process in all rep¬ 
tiles. The tongue is hardly movable in cro¬ 
codiles but long, forked and highly mov¬ 
able in snakes. Salivary glands are present 
in majority of the reptiles. Iri some snakes 
and Heloderma , the upper labial glands 
become modified into poison glands. 

The alimentary canal is typically of ver¬ 
tebrate type. The stomach is tubular, small 
intestine is rather short. The large intestine 
is wide and leads to a short caecum. The 
cloaca is subdivided into three chambers. 
The upper chamber or coprodactim is 
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meant for faeces. The middle chamber or 
urodaeum receives the ureters. The lower 
chamber is called proctodaeum which ter¬ 
minates in a cloacal sphincter. The division 
of the cloaca has become a necessity for the 
retention of water. It is believed dial the 
coprodacum and urodaeum reabsorp water 
ft from both the faeces and urine. 

W RESPIRATORY SYSTEM 

External nares, internal nares, mouth 
cavity, glottis and larynx constitute the 
respiratory passage. The respiratory pas¬ 
sage leads to a pair of lungs. The larynx 
is supported by cricoid and arytenoid 
cartilages. T here occurs considerable varia¬ 
tion in the structure of reptilian Jungs. In 
Sphenodon lungs are like sacs, the wall of 
which bears small pockets lined with res¬ 
piratory epithelium. In lizards and chclo- 
nians the lungs are provided with deeper 
pockets forming definite alveoli. In some 
lizards pockets assume long channels lead¬ 
ing from the lung cavity to the wall of the 
lungs. In reptiles the wall of the lungs is 
provided with muscles which contract and 
expand rhythmically to assist in ventila¬ 
tion. The hinder part of the lung in many 
reptiles is smooth. The hinder part acts 
1 more a reservoir than a respiratory sur- 
1 face. In chameleons, the cavity of the lung 
is draw'll outside the wall of the lungs to 
form air sacs like that of birds. 

Though there occurs no significant 
respiratory activity through skin and epi¬ 
thelium of mouth in reptiles, yet it has 
been shown that in Trionyx, oxygen is 
taken up by the epithelium of pharynx. 
| The urodaeal part of the cloaca has 
f a paired diverticula in many turtles.The.se 
diverticula become filled and emptied 
rhythmically with water coming through 
the anus. These are regarded as the acces¬ 
sory respiratory structures. 

In reptiles, expansion and contraction of 
the thorax by muscular activity draws air 
and drives air out. 'The cycle of breath¬ 
ing in lizards is known. It consists of three 
phases. In the first phase there is an ex¬ 
piration. In the second phase there is an 
inspiration and in the third phase there is 
expiration. The glottis is held open during 
the cycle upto the end of inspiration. The 
air is/lriven out of the lung in the first 
* expiration and sucked in during inspira- 
l^tion. The glottis remains closed during 
r second expiration. 

’ The cycle of breathing differs in various 


reptiles. In chelbnia, because of the im¬ 
movable carapace, expansion of the gene¬ 
ral wall of the thorax is diflicult. But the 
lungs are expanded by the movement of 
head, limbs and girdles. In crocodiles, a 
septum across the abdominal cavity divi¬ 
des ' the abdominal cavity into anterior 
part housing the lungs and a posterior 
part containing the viscera. T he septum is 
not muscular and probably has no role in 
the respiratory mechanism and as such it. 
cannot be regarded as homologous with 
the mammalian diaphragm. 

CIRCULATOR Y SYSTEM 

Heart. The reptilian heart consists of 
two distinct auricles and a ventricle which 
is internally divided by an interventricular 
septum into left and right portions.' In 
chelonia, snakes and lizards the septum is 
well-developed but does not close off the 
left hand portion of the ventricle from the 
right hand portion. The left hand por¬ 
tion is larger than the right hand por¬ 
tion. The left portion is further divided 
imperfectly into a cavurn veno.mm to the right 
and a cavum arleriosum to the left by ‘septum. 
This secondary septum is formed by the 
fusion of trabeculae, in crocodiles the 
cavity of the ventricle is completely divi¬ 
ded into left and right portions. The right 
and left systemic arches cross each other 
in crocodiles and at the point of contact 
of the wall of the lelt and right systemic 
arches, there is an aperture called the 
foramen of Panizza. This foramen places 
their cavities in communication and allows 
admixture of oxygenated and deoxygenat- 
ed types of blood. 

T he conus arteriosus is absent, in reptiles 
and the arterial arches arise directly from 
the ventricle. Sinus venosus has shown a 
tendency to become fused with the right 
auricle in varying degrees. Excepting in 
Sphenodon t he presence of sinus venosus is 
not distinguishable. 

The right auricle receives venous blood 
from the body and the left auricle receives 
oxygenated blood corning from lungs. The 
cavity inside the right ventricle is known as 
cavum pulmonale. From the cavum pulmo¬ 
nale arises l he pulmonary' artery and from 
the cavum venosurri originates the left 
and right aortic arches.* 

The contraction of the auricles pours 
venous blood from the right auricle into 
the cavum venosum and arterial blood 
from the left auricle into the cavum artcrio- 
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sum. The cavum pulmonale becomes filled 
with venous blood and some amount of 
this venous blood overflows into the cavum 
arteriosum past the edges of the incom¬ 
plete interventricular septum.;When the 
ventricle contracts the lip of the interven¬ 
tricular septum touches the ventricular 
wall above and thus the cavum pulmonale 
is cut off from the rest of the ventricle. With 
further contraction of the ventricle the 
venous blood of cavum pulmonale is forced 
to go to the lungs through the pulmonary 
artery. The remaining portion of the blood 
in ventricle is mixed in nature because it 
contains both arterial and venous blood. 
This mixed blood with the contraction of 
the ventricle passes out through the aorta. 
The root of the left and right aortae inside 
the ventricle is so oriented that the right 
arch receives mostly the arterial blood and 
the left arch receives mixed blood. Thus the 
mechanism of circulation of blood from the 
heart in reptiles is so designed that even in 
the absence of anatomical division of the 
ventricle there has occurred a physiologi¬ 
cal separation of oxygenated and deoxy- 
genafed blood. 

Arterial system. Of the six pairs of 
embryonic arterial arches, the 3rd, 4th 
and 6th pairs are retained in reptiles The 
5*h arch is present in reduced form in some 
r eptiles. The remnant of the radix of aorta 
between 3rd and 4th arches is present on 
each side in some snakes. 

The conus arteriosus is splitted into three 
vessels. The fourth arch on the left side 
arises from the right side of the partially 
divided ventricle. The fourth arch on the 
left side becomes the left aortic arch The 
fourth arch on the right side arises from the 
left side of the ventricle. It establishes a 
connection with a portion of the radix of 
aorta of the right side and becomes the 
right aortic arch. The common carotid 
arch rises from the right aortic arch and 
becomes divided into external and internal 
carotid arteries. The 6Ti aortic arch loses 
all its connection with radices of aorta and 
becomes the pulmonary arteries. 

The radix of aorta between carotid and 
systemic arches is present as ductus caroticus 
in many lizards. Similarly a part of the 
ladix may remain connected with the 6th 
aortic aich. This connecting pa; t is known 
as ductus arteriosus or ductus Botalli. Ductus 
caroticus and ductus arteriosus are both 
present in Sphenodqn. 

Venous system. The venous system in 


reptiles shows little ad\anecment over that 
of amphibians. Two precavals and one 
postcaval open into the sinus venosus 
which itself shows a tendency towards . 
fusion with the right j.art of the auricle. 
Anterior abdominal vein is prominent in 
reptiles and more blood passes through it 
from the posterior part of the body. The 
renal portal system loses its importance to* 
some extent. 

NERVOUS SYSTEM AND SENSE ORGANS 

The central nervous system or brain in 
reptiles shows a better developed condi¬ 
tion than the amphibians. In reptiles the 
cerebellum and the cerebral hemispheres 
are more developed than the amphibians. 
The cerebellum is enlarged and this en¬ 
largement is most prominent in chelonians 
and lizards. The cerebral hemispheres 
exhibit enlargement of palaeopalliurn and 
archipallium. T he cells of these two parts 
of the pallium arc shifted in reptiles to¬ 
wards the surface so as to show the begin¬ 
ning of cerebral cortex formation which is 
recognised in mammals. In some repliles 
a new structure called neopallium has 
appeared between the archi- and palaeo- 
pallium. This new structure is absent in 
Sphenodon. The diencephalon houses seve-* 
ral organs of special int erest. T hese organs 
include the large hypophysis and the pari¬ 
etal organ. The hypophysis is dilTerent.iat- 
ed into an anterior and a posterior lobe. 

The parietal organ extends to the dorsal 
surface of the skull and forms the pineal or 
parietal eye. The parietal eye is well deve¬ 
loped in Sphenodon. The optic and olfac¬ 
tory lobes are some what reduc ed. 

Eye. T he eyes of reptiles are variable in 
structure and adaptation. Among the rep¬ 
tiles the eyes of lizards are best developed. 
The eyes of the snakes arc greatly modified 
because of their nocturnal and burrowing 
habit. On the cornea of the reptiles, a 
transparent covering formed by the fusion 
of the eyelids is present. The eyes of 
crocodiles have undergone modification 
due to nocturnal and aquatic adaptation. 
The eyes of turtles and Sphenodon are 
primitive in structure than that of lizards. 

Ear. The tympanum, when present, lies 
at the back of the jaws. In the inner ear, 
lagena has become longer. It has got on 
its inner wall a group of sense cells called 4 
basilar papillae which form the centre for 
auditory appreciation. All the organs oT 
the inner ear are housed in a perilymph 
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cistern. This cistern has been formed by 
the tubular extension of the perilymph 
system. 

It has been shown that the ears of cer¬ 
tain tortoises are sensitive to sound wave, 
a range of 110 cycles per second. The 
sense of hearing is best developed in croco¬ 
diles and lizards amongst the reptiles. 

Other sense organs 

Sense organs for touch, pain and tem¬ 
perature are situated in the skin of rep¬ 
tiles. Organ of Jacobson is situated on the 
roof of the mouth and close to the internal 
nares. It is chemoreceptor in nature. Sen¬ 
sory epithelium is restricted on the dorsal 
part of the nasal chamber. Beginning of 
the lurbinals are witnessed in the out¬ 
growths from the wall of the dorsal part of 
the nasal chamber. 

EXCRETORY SYSTEM 

The functional excretory organs are the 
mctanephric kidneys. The shape of the 
kidneys in di fie rent reptiles is variable. In 
lizards and crocodiles the kidneys are much 
elongated and are housed in the posterior 
part of the body cavity. In snakes the kid¬ 
neys are long, slender and the position of 
the kidneys in die body cavity is asymme¬ 
trical, i.e., one kidney is located above its 
counterpart on the othei side. In turtles, 

I he kidneys are more compact than in 
other groups. The posterior ends of the 
kidney show a tendency of fusion in many 
lizards. The glomeruli inside the kidneys 
arc reduced in reptiles. 

The excretory duels or ureters discharge 
their contents directly and separately into 
the cloaca. In male lizards the ureters 
unite with the vasa deferentia and open 
jointly in the cloaca. In turtles and many 
lizards, an urinary bladder is present. The 
ureteis open in these cases into the urinary 
bladder. The urinary bladder is allantoic 
in origin. 

In terrestrial reptiles the final product 
excreted as uric acid. The final excretory 
product is a chalky white mass of urates 
and it is almost dry. The dryness is due to 
reabsorption of water in the urodacum. In 
lizards and snakes, 80-98% of the excre¬ 
tory product is the uric acid. In aquatic 
turtles the excretory product contains 
little of uric acid and much of urea. In 
crocodiles and aquatic snakes upto 75% of 
the excretory product comprises of ammo¬ 
nia. 


REPRODUCTIVE SYSTEM 

In reptiles the sexes are separate. Sexual 
differences are not easy to find out front 
external appearance. In some forms sexual 
colouration marks off the males from the 
females. The general tendency exhibited by 
the reptiles in their reproductive system 
is that excretory and reproductive systems 
have become separated excepting their 
Common opening into the cloaca. Because 
of the shape of the body the disposition of 
the left and right gonads in both males 
and females lias become assyinetrical in 
some forms and specially in snakes. 

Fertilization is internal in* reptiles. All 
modern male reptiles (excepting Spheno- 
don) possess copulatory organs. These 
inlroniittcnt organs are derived from the 
wall of the urodacum of the cloaca. In 
crocodiles and tortoises, there is a single 
penis which is median in position but in 
lizards and snakes there is a pair of these 
structures laterally placed in the cloaca. 
They are called hemipenes. Out of these 
two, one is inserted at a lime. Muscular 
action and vascular engagement causes 
erection. \ 

Oviparous reptiles lay their eggs on land. 
For physical support and protection against 
dedication, the eggs are provided with 
shell secreted by the wall of the oviduct. 
For adequate supply of food during em¬ 
bryonic development a large quantity 
of yolk is present inside the eggs. Special 
embryonic membranes known as amnion 
and allantois look after gaseous exchange 
and storage of waste product. Egg albu¬ 
men or egg white is present to a consider¬ 
able amount in crocodiles and tortoises but 
in snakes and lizards the quantity of albu¬ 
men present is very poor. 

Many snakes and lizards arc* ovovivi- 
parous. In forms like' Lacerta vivipara , 
Anguis fragilis and Viper a berus , the eggs are 
retained within the* oviduc t till the youngs 
arc ready or nearly ready to hatch.. The* 
eggs of ovoviviparcus reptiles have the 
shell reduced to a membrane. In sea snakes 
and certain lizards a placenta developed 
from the chorioallantois or the yolk sac or 
both. The placenta serves for gaseous ex¬ 
change and transfer of water. It; is believed 
that in some advanced forms, the placenta 
provides a mean for food supply. 

To come out front the egg shells young 
reptiles have egg tooth. In Chelonia, 
Sphenoclon and Crocodiles the egg tooth 
is present on the snout. In Squamata, a 
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true egg tooth is present which projects 
from the front of the upper jaw. Egg tooth 
is rudimentary in ovoviviparous forms. 

Maternal care or paternal care is not 
very deep in reptiles; Some reptiles aban¬ 
don the newly laid eggs. Female python 
and certain snakes and lizards exhibit 
little maternal care by broading their eggs. 
Female alligators guard their nests. 

EXTINCT REPTILES 

Reptiles originated from slcgoccphalian 
lineage during the Carboniferous lime and 
enjoyed golden days till the end of Meso¬ 
zoic. Palaentologk al records show that no 
fewer than lifteen orders of reptiles existed, 
of which only four orders ha\c representa¬ 
tives living today. In fact, the fossil re¬ 
mains of extinct reptiles present a dramatic 
chapter of rise and fall of reptilian dynasty 
which lasted according to some geologists 
from 12") to 150 million years. 

The mcsozoic era has been called the 
'‘Golden age of reptiles”. The reptiles 
ruled and dominated the earth during the 
era though the birds and mammals made 
their humble appearance at that time. So 
insignificant mammals and birds were in 
those days that they never disputed with 
“reptilian horde for a place under the 
sun”. 

The meso/.oic reptiles attained great 
diversity of form in those days and some 
became about 130 feet in height, i.e., they 
became giant among the animals that 
ever existed on earth. These reptiles ex¬ 
hibited wide range of adaptive radiation 
and mastered the various habitats which 
the wide world displays. 

Some of the illustrious and strange 
members of extinct reptiles of the pre- 
camera days are outlined below: 

Cotylosaurs. 'They are considered as 
stem-reptiles and as primitive members 
of the class. Externally they were large 
lizards-like and structurally they were very 
close to primitive Amphibians. 

Therapsids. Thcrapsids had teeth diff¬ 
erentiated into incisors, canines and mol¬ 
ars. The attachment of jaw showed a 
tendency tovvarcls mammalian plan. They 
are believed to be ancestral to mammals. 

Pelycosauria or fin-back reptiles. 
Among certain genera of this order, the 
spinous processes of the vertebrae did grow 
to an enormous size and gave them fin- 
backed forms as in Edaphosaurus. 

Icthyosaurs. They*were aquatic rep¬ 


tiles. In general appearance, they were 
fish-like having their paired appendages 
modified into dippers. A number of fossil 
specimens with small and complete skele¬ 
ton inside their bodies have been found. 
'This fact suggests that Icthyosaurs were 
viviparous. 

Pterosaurs. They were flying reptiles. 
The fourth digit of the forelimbs of these 
animals became sirong and elongated. 
The wing which was nothing but a fold of 
skin was supported by this elongated digit. 
Many palaconlogists believe that they 
used to glide and were not truely flying in 
habit. 

Dinosaurs. The stars amongst the ex¬ 
tinct reptiles were undoubtedly the Dino¬ 
saurs and the age of reptiles often is called 
as the age of Dinosaurs. From the middle 
ofTriassic to the end of Cretaceous, these 
Dinosaurs dominated the earth. Distribu¬ 
tion of Dinosaurs was world-wide and 
their fossil remains have been found in all 
parts of the globe excepting New Zealand. 

The appearance of the Dinosaurs varied 
widely and in size they ranged from tiny 
to enormous forms. The minimum record¬ 
ed size was that of Cotnpsognalhus which was 
about two and half feet while die maxi¬ 
mum recorded size was that of Giganto- 
saurus which reached a length of eighty 
feet and weighed about forty tons. 

Many of these Dinosaurs were biped and 
could raise themselves up on their hind 
legs for r apid running. The forelimbs were 
shorter tlian the hindlimbs and it is 
believed that these were used during rest 
and slow walking. The tail of these rep¬ 
tiles was long, massive and heavy which 
could counter balance the body during 
rapid running like a third leg. The body 
of the Dinosaurs was scaly or heavily 
armoured and some had horns and beaks. 

The eggs of the Dinosaurs were large 
and majority of them were viviparous. In 
food habit, the Dinosaurs were either 
carnivorous or herbivorous. The carnivo¬ 
rous Dinosaurs had strong dentition and 
they used to prey upon small to large 
creatures. Teeth were reduced in Diplodo- 
cus and Stegosaurus while Slruthiominus 
had no teeth. Many of the Dinosaurs 
developed amphibious habits and used to 
spend their time to swamps. 

The Dinosaurs had a majestic rise and a 
dramatic fall and the extinction of this 
mighty race which underwent an explosive 
evolution is still a matter difficult to 
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explain. It has been conjectured that inter¬ 
specific warfare amongst the Dinosaurs 
themselves or destructive slaughter of 


youngs by blood-thirsty mammals or 
change in clituatc led to the extinction of 
Dinosaurs. 


SUMMARY 


1. Reptiles are the first true terrestrial verte¬ 
brates. 

2. They dominated the earth during Mesozoic 
time. Rut many forms have become* extinct now. f 

3. Living reptiles of today are represented by 
Sphtnothn* lizards and snakes, ehelonians and cro¬ 
codiles. 

-L Reptiles have given up the habit, of breathing 
by gills at any stage ol their lives and have the lungs 
as respiratory organs. 

G. Development of antenatal robe in the form of 
amnion and allantois in the embryonic stage to pro¬ 
tect the developing embryos is unique in them. 

7. The skin is thick and covered with scales. 

8. For locomotion on land the limbs have be¬ 
come longer and stronger to carry the weight of 


the body. 

9. An interventricular septum divides the ven¬ 
tricle partly into Idi and right portion. 

10. body temperature in reptiles is not constant. 

11. The kidney* are of mctanepluie type and the 
urinun bladder, when present, is allantoic in 
origin. 

IT Males are mostly provided with intromit tent 
organs derived from the walls of the urodaeum part 
ol the cloaca. 

13. The brain is well-developed with commis¬ 
sures and connectives. Presence of aberrant com¬ 
missure is very characteristic. 

H. Sense organs are well-developed and organ of 
Jacobson is present. 

I ft. Many snakes have poison glands. 



CHAPTER 8 


Phylum chordata- -birds 4 

Birds are included under the class Aves. They constitute a highly specialised 
group of vertebrates which have attained the peak of evolutionary perfection. Birds are 
'heavier-than-air’ machines and almost every part of their body has been modified for 
aerial life. Because of their adaptation for lliglM in air, the members of the class exhibit 
less diversity of structures (Fig. 8.1) in comparison to that of other vertebrate classes. 
They are essentially ‘glorified reptiles’ and the discovery of the fossil of Archaeopteryx , 
unequivocally speaks about the reptilian origin of birds. This chapter deals with the 
biology of the class Aves with a special emphasis on their phylogenetic relationship with 
the reptiles. 



Fig. 8.1.‘Birds are unique by having their body covered by feathers. They have conquered the air 
by making significant modifications in their body form., They are also noted for their less diversity 
in their structures. The discovery of/ossil, ‘Archaeopteryx’ speaks of the reptilian ancestry of birds. 


IMPORTANT FEATURES special integumentary derivatives called 

Birds are characterised by having the feathers . Feathers, while clothing the body, 
following features: (1) Body is covered by also form the surface of wings and tail. 
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The feathery covering . makes the body 
light and at the same time protects from 
the hazards of temperature. (2) Body 
is spindle-shaped and thus offer least 
resistance during flight. (3) Anterior 
part of the body is concerned with flight 
and the movement on land is carried by 
posterior half. (4) Body is considerably 
light due to the presence of air-sacs and 
pneumacity of bones. (5j Several organs 
are either reduced or absent. Heavier 
organs are centrally located and near the 
wings. (6) Forelimbs are modified as wings 
and have powerful flight muscles. (7) 
Skeletal system is greatly modified to assist 
in both Hying and perching. Fusion is 
marked in number of places to offer rigi¬ 
dity and reduces mechanical friction. 

(8) Head is small and placed on a fair¬ 
ly long movable neck. Mouth is provided 
with specialised exoskeletal derivative 
called beaks and are without teeth. Ab¬ 
sence of teeth has made the skull light. 

(9) Alimentary canal contains a specialised 
structure called the gizzard for the crush¬ 
ing of food. The gizzard is complex in 
grain eating birds, but in fish-eating (pisci¬ 
vorous) forms it is simple. The canal is re¬ 
duced ip length and not much coiled. (10) 
Respiratory system is specialised to per¬ 
form double respiration. Lungs are clastic and 
fixed on the dorsal wall of the thorax. Spe¬ 
cial air-filled sacs are present. Sound-pro¬ 
ducing organ is called syrinx. (11) Heart 
is four chambered and there is a complete 
separation of oxygenated and deoxygenal- 
ed blood. Sinus venosus and conus arterio¬ 
sus are absent. Single aortic arch turns to 
the right’ side. Red blood corpuscles are 
elliptical and nucleated. (12) Body tem¬ 
perature does not change with the change 
of environmental temperature. For this 
reason birds are called warm-blooded 
or homeothermal animals. (13) Excretory 
organs are metanephrie kidneys and ex¬ 
cretory’ ducts are free from carrying the 
products of genital organs. The urine is 
semisolid. (14) Nervous system includes 
well-developed brain and sense organs. 
Eyes are usually powerful and a specialised 
structure called pccten is present inside the 
eye-hall to help in accomodation. (15) Ovi¬ 
parous and development requires specific 
temperature. Usually both the sexes sit 
alternately over the eggs and provide the 
required temperature for incubation. (16) 
Eggs contain much yolk and segmentation 
is meroblastic. 


OUTLINE CLASSIFICATION 

Nearly 12,000 species of birds are known 
to be present throughout the world. The 
proper classification of birds has been hin¬ 
dered by two factors (1) Absence of ade¬ 
quate number of fossil forms and (2) Pre¬ 
sence of close similarity between the living 
forms.* The class is subdivided into two 
subclasses Archaeortnthes and Neonut lies. The 
subclass Archarornithes includes the fossil 
bird, Archaeopteryx. The subclass Nenrnithes 
consists of four superorders: Odontognalhae 
(extinct Cretaceous birds'), Valaeognalhae 
■ running birds). Impemwe (penguins) and 
Neognathae (living birds). Neognathae in¬ 
cludes 22 orders, of which the order Pas¬ 
seriformes has the largest number of spe¬ 
cies. 

Kxami’i.k of Avks COLUMBA 

The pigeons axe known both as wild 
and domesticated forms. They exhibit most 
of the peculiar characters of birds and - 
are available in large numbers. They are 
scientifically known as Columba livia dornes- 
tica and belong to the order Columbi- 
fonues. Flic other pigeons are wood pigeon? 
(Columba palumbus ), stock dove (Columba 
oenas) , par r o t p i geo ns i Ter eon abyss inic a) s 
crowned pigeons (Coma sp.) and tooth- 
billed pigeon (Didumulu.s strigiraslris ). 

HABIT AND HABITAT 

The pigeons are seen almost throughout 
the world, specially in tropical and tem¬ 
perate zones. Both the wild and domesti¬ 
cated forms exhibit social behaviour. They 
Hy in llocks and most together. Usually 
these birds start the day with a chorous of 
humming notes. In the morning and after¬ 
noon, entire flock Hy to search food and 
water. Pigeons drink water by drawing 
long draughts. Such drinking is unusual in 
other birds, which usually sip water. It 
returns to its perching place during the 
hottest part of the day and retire at night. 
Most pigeons are grain or seed eaters and 
swallow the entire grain. Fighting rarely ; 
occurs, though threatening posture during 
mating season is often displayed. The 
pigeons are monogamous and partnership 
lasts for entire life. Nest*building commen- : 
ces after courtship. The pigeon’s nest ap-! 
pears to be crude and disorderly arranged 
but is tough enough to face the hazards of* j 
wind and rain. Each clutch includes | 
two bluish white eggs and the parents ( 
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alternately sit oyer the eggs; Such incuba- and suitable for its grain-eating habit, (ii) 
tion continues for seventeen days. Newly Cere. Near the base of the upper beak a pair 
hatched nestlings are helpless, blind and of swollen, feather covered areas, called 
without leathers. The parents provide cere is present.. Just anterior to the cere, a 
them first with a special kind of “milk” pair of external nares is present as minute 
and then with partly digested seeds and slits, (iii) Eyes. On each lateral side of the 
grains. The feathers appear after 10th day head, a prominent eye is placed. Each eye 
of hatching but; the young pigeons con- is provided with an upper, a lower and a 
tinue to stay for a month with the parents, movable transparent third eyelid or 

nictitating membrane , which runs across the 

EXTERNAL STRUCTURES <") Exterml ear ' These "“jj 

paired apertures are present one on each 

The size varies from 20 -25 cm. The lateral side of the head and slightly pos- 
appearance varies,in different varieties but tenor to the eye. Each aperture remains 
all ol them have a compact and more or covered by a special group of feathers call¬ 
less spindle-shaped body (Fig. 8.2). The ed auricular feathers . Each aperture leads 



body is distinctly divisible into three re¬ 
gions, head, neck and trunk. Most part of the 
body is covered by feathers, which are 
; integumentary derivatives. 

The head is small, round and anteriorly 
pointed. It contains the following struc- 
tures; (i) Mouth. It is a wide gap at the 
anterior end of head and bounded by upper 
. and lower beaks. Both th$ beaks are covered 
j by a sheath called horny sheaths or rham- 
pholhecae. The two beaks are pointed, hard 


into a canal called the external auditory 
meatus. 

The neck is long and flexible. It holds 
the head over the trunk and its flexible 
nature is responsible for the universal 
movement of head. 

The trunk is compact stout and immov¬ 
able. All the heavier organs are placed on 
the central part of the trunk and immedia¬ 
tely beneath the wings. The trunk region 
contains following structures: (i) Fmlimbs. 
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Paired forelimbs are connected with the 
anterior region of the trunk and are great¬ 
ly modified as wings. At the time of rest, the 
wings lie on the lateral side of the trunk as 
a folded ‘Z\ Each wing has three divisions, 
upper arm^fore arm and hand . Folds of skin 
extend between upper arm and trunk and 
also between upper arm and fore arm. The 
former fold is called postpatagium and the 
latter is known as prepatagium. Both the 
patagia are greatly reduced. The portion 
of hand is tightly packed by a fold of skin 
and each has three clawless insignificant 
digits, (ii) Hindlimbs. Paired hindlimbs 
work as legs and are modified to carry the¬ 
ca tire weight of the body during perching 
and walking on land. It is connected with 
the trunk near its postcriolalcral side. The 
thigh portion of the hindlimb runs parallel 
to the body and during rest remains under 
the cover of the wings. Each hindlimb is 
provided with four toes of which the first 
one is called hallux which is directed back¬ 
wards and the remaining three are pointed 
anteriorly. The upper part: of the hindlitrift 
is feathered hut the lower part is covered 
by scales. All the toes are provided with 
sharp and pointed claws. At the time of 
llight, the hindlimbs are kept withdrawn 
and are released like the wheels of an aero¬ 
plane immediately before landing, (in) 
Tail. Posterior™ ost conical end of the trunk 
is known as uropygium. On the ventral side 
of the uropygium lies transverse slit called 
the vent or cloacal aperture , which serves as 
the outlet of cloaca. On the middorsal 
region of the uropygium there is a gland 
called uropygial or preen or oil gland . This 
gland produces an oily secretion, which is 
drawn by tfte beaks and sprayed all over 
the body. The uropygium has special series 
of feathers called rectrices. These feathers 
in the uropygium constitute the tail of 
pigeon. The tail is used as steering and 
brake during flight and works as balancing 
organ during walking or perching or flying. 

SKIN 

The skin of pigeon is dry, thin and loose 
in texture. Skin glands are absent. The 
uropygial gland is the only integumentary' 
gland. All over the skin numerous free 
nerve endings remain scattered. Near the 
base of the upper beak these nerve endings 
form specialised organ for touch in the 
„ cere. In spite of its thin appearance, the 
skin has the great ability to produce kera¬ 


tin, which is used largely in the formation 
of various integumentary derivatives. 

SKELETAL STRUCTURES 

Pigeon possesses well-formed exoskeletal 
and endoskeletal structures. 

Exoskeleton 

Following integumentary structures are 
seen in birds which perform different func¬ 
tions. (i) Beak^. These are horny exoskeletal 
derivatives which cover the upper and 
lower jaws. It is used during ingestion, 
preening of feathers and fighting, (ii) 
Claws. These are pointed, sharp and horny 
exoskeletal organs which are present at 
the extremities of the toes. 'Hie daws are 
typically reptilian in construction and help 
during perching and walking, (iii) Scales. 
These reptile-like exoskeletal structures arc 
present on the exposed parts of' the hind¬ 
limbs. These scales originate from the epi¬ 
dermal part of the skin arid remain arrang¬ 
ed in tile-like fashion, (in) Feathers. These 
exoskeletal structures are the unique fea¬ 
tures ofbirds andflare not seen in any other 
animals. The feathers constitute' the prin-* 
cipal body covering of pigeon and are 
supposed to be modified reptilian scales. 
They cover the most parts of the body and 
form the wings and tail. Each feather orir ’ 
gi nates from the epidermal layer of the skin 
and are arranged in definite! tracts called 
pterylae, which are separated from the fea- 
llierless tracts called apteria (Fig. 8.3), 
The arrangement of feathers on the body 
of pigeon is called the pterylosis. Feathers 
may be while (due to the presence of air 
space) or coloured (clue to the presence of 
pigments). The colour of the feathers is 
due to chemical pigments and the physical 
arrangement of the elements composing 
the feathers. Feathers are periodically re¬ 
placed by a process called moulting, which 
occurs sporadically throughout the body. 
The feathers of pigeon may be classified 
into two groups: (A) Flight feathers. 
'These feathers are associated with flight 
and may again be subdivided into wing 
feathers or remiges and tail feathers or reduces. 
The remiges are present in the wings and 
each wing has 23 feathers, which are again 
subdivided into primaries . secondaries and 
tertiaries . The remiges attached to the distal 
part (carpometacarpus) of the wing arc 
primaries, those on the middle (radius and 
ulna) portion are secondaries and those 
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attached to the proximal part (humerus) 
of the wing are called the tcrtiarics. The 
rectrices are twelve in number and are 
arranged scini-rircuJarly in the tail region. 
(B) Covering feathers. These arc res¬ 
ponsible for the general covering of the 
body and are of three types: Contour 
feathers, Fiioplumes or hair feathers and 
Down feathers or plumules. The contour fea¬ 
thers form the majority of the covering 
feathers and fiioplumes remain in between 
the contour leathers. The down feathers 
are also present in between the contour 
feathers. In the body of the nestling it is 
called powdered down feather. 

The feathers differ in their size, shape 
and function, but are built up in same 
general plan. A typical feather lias the fol¬ 
lowing three parts— shaft, vane 01 vexillutn 
and aftershaft (Fig. 8.4). The shaft portion is 
divisible into two parts, calamus and rachis. 
The calamus is the hollow cylindrical stalk 
by which the feather remains attached with 
the skin. At the proximal end, there is an 
aperture called inferior umbilicus into which 
fits the mesodermal papilla of the skin. At 
the distal end, there is another aperture 
called superior umbilicus. The rachis is solid 
pith-like in appearance and is continuous 
with the calamus. The vane or vexillum 
represents the broad part of the feather. It 
is formed bv delicate closely set structures. 


called barbules or rami , which extend from 
each side of the rachis. 'f’lie distal edge of 
each barb has two sets of barbules - proxi¬ 
mal and distal. The proximal barbulc from 
one barb crosses the distal barbulc of the 
next. The tips of the distal barbules arc pro¬ 
vided with booklets and the tips of proxi¬ 
mal barbules have flanges. The booklets 
and flanges interlock to render a compac t 
surface of the. vane which resists the air. 
The aftershafts arc few hairy processes 
present just proximal to the superior um¬ 
bilicus. 

In the (light feather, the shaft is long and 
vanes are broad. Among the covering fea¬ 
thers, the contour feathers have short shaft 
but extended vane portion. Each filo- 
plume has a long shaft carrying a few 
degenerated barbs and barbules at the 
tip and such barbs are without interlocking 
apparatus. Similarly the down feathers are. 
also without interlocking apparatus in the 
barbs. The down feathers consist of a short 
quill or stem. The barbs are arranged 
in a circle at ihe top of the stem. The barbs 
have minute barbules. 

Each feather is provided with a muscle 
at its base, which controls the position of 
feather. The nerve fibres present at the 
base also help the feather to act as a sen¬ 
sory structure. The feathers produce a 
compact surface to resist air-current. In 
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addition, it retains heat and thus helps the 
bird from the temperature hazards. It is 



I'ig. 8.4. Feathers of Columba. A. Typical flight 
leather. 11. Sectional view of two barbs showing the 
disposition of the barbulcs and the locking mecha¬ 
nism. C. Filoplume. 1). Down feather. 


light and therefore helps in flight. In some 
birds, a few feathers act as secondary sexual 
characters. 

Development of jealhets. The germ of a 
dcveToping leather begins as a papilla of 
the skin composed of epidermis and der¬ 
mis. (Fig. 8.5 A, B). At the initial stages, 
✓ the dermal cells push the overlying epi¬ 
dermis up ahead of it. 'Flic base of the out¬ 
growth gradually sinks into the skin. This 
outgrowth includes dermis and epidermis. 

The epidermis becomes hard and corni- 
fied and is pushed out from the papilla 
region. The dermal plug gradually with¬ 
draws leaving a hollow quill inserted is 
the skin. The embryonic feather is, thus a 
v tube of cornified epidermis set in a pit of 
dennis. One side of tubular embryonic 


fcatlier bccomes # considcrably thickened to 
transform into the shaft (Fig. 8.30). From 
the shaft slanting barbs arc developed on 
cither side. The wall of the tube opposite 
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I'ig. 8.. r >. Dt*\ dupmcnl of a contour fra liter of 
(.'dumba. A, B. Sectional views of early stages. 
C. Stereogram of late stage of development. 


the shaft becomes very thin. Rapture of 
this thin portion causes the spreading out 
of the rolled-up feather to assume its usual 
form. 


Endoskeleton 

Pigeon possesses well-developed endo¬ 
skeleton. The entire endoskdetal frame 
may be grouped into Axial and Appendicular 
skeletons. Both these groups have undergone 
considerable modifications, specially fusion 
of different parts, to meet the requirements 
of the bird's peculiar way of life. 


Axial skeleton 

The axial skeleton includes the skull* 
vertebral column and sternum. 

The skull of pigeon, is light and fragile. 
It is more or less round in siiape.CT.hc skulJ 
bones are paper-like thin)'The,sutures of 
the skull bones are obliterated.(The open¬ 
ing of the cranium, i .r.* foramen magtfum)i$ 
directed ventrally and the skull articulates 
with the vertebral column by (a'single 
round occipital condyle on the anterior bor¬ 
der of the foramen rnagnumAThe cranial 
part of the skull is formed dorsal I y by a 
pair of parietals and 1 a pair of frontal vj 
(Fig. 8.6A). The ventral side of the cra¬ 
nium is formed posteriorly by basiocci - 
pital and anteriorly by basisphenoid. The 
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basisphenoid is drawn anteriorly as a nar¬ 
row rostrum) (Ventrally, the basisphenoid 
gives rise to two membranous basitemporals 
which fuse to form the posterior part of the 
presphenoid.■) The anterior part of the pres¬ 
phenoid is represented by the rostrum. (Sup- 
raoccipital and the exocapital form the pos¬ 
terior and lateral sides of the cranium 


sphenoid and mesethmoid bones. Nasals 
are forked in appearance ancK form the 
inner and outer margin of the nasal cavity. 

' A large lacrymal bone is present on each side 
between the orbit and the facial part of 
the skull. Al’he facial part of the skull isu 
united witn the. cranial part in the follow¬ 
ing way: Maxilla unites with the jugal and 
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•Fig. 8.6. Kndoskeletal structures of Columba. A. Dorsal view, B. Ventral view and C. Lateral 

view of skull. 1). Hyoid apparatus. 


(Fig, 8.6B}. On each side of the cranium 
lies the tympanic cavity.) It is formed by 
the squamosal , prootic and epiotic bones. Two 
orbits are separated by interorbital sep¬ 
tum, which is formed* by the union of.prc- 


quadratojugal and ultimately with the 
quadrate .) Quadrate is a three-rayed bone 
which articulates with the tympanic cavity 
by two processes and sends an orbital pro-,, 
cess. It bears condyle for the articulation 
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of the mandible. Palatine articulates with 
the pterygoids and rostrum posteriorly. The 
pterygoids articulate with the quadrate and 
also with the basipterygoid process of the 
rostrum. The vomer is absent in pigeon. The 
rnaxillo-palatines remain separate and do 
not unite medially. This particular type of 
the skull is called the Schizognathous type 
of skull. The mandible consists of deniary. 
supra angular, angular, splcnia! and arti¬ 
cular (Fig. 8.6C). 

The hyoid apparatus (Fig. 8.6D) con¬ 
sists of an arrow-shaped basihyal from which 
two short cornua originate. It is continued 
as slender basibranchial from which origina¬ 
tes a pair of posterior cornua. Kadi cornu 


pigeon and are, constructed in such a way 
that while supporting the head they permit 
free movement of the ncck.(\ typical cervical 
vertebra (Fig. 8.7 B, C, D) has the follow¬ 
ing features: \i) Centrum is heterocoelousj(an- 
teriorly concave from side to side but con¬ 
vex from above downwards and posteriorly 
concave from above downwards but con¬ 
vex from side to side). The hetcrocoelous 
centra of the neck vertebrae give greater 
mobility of neck and allow the head to 
move to an angle of 180". [ii) Articulating 
surface of the centrum contains synovial 
capsules, cartilaginous plates, meniscus 
and suspensory ligament, [in) Double 
headed vestigial ribs arc directed posterior- 
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tig. ti.7. Endoskclvtal structures ui Columba (Conhl.). A. lirst ai if l serum I vertebrae. Side. view (B), 
anterior \iew (C1J and posterior view (I); of a temcnl vertebra. K. Side view of a thoracic vertebra i 


contains ceratobrauchial and efnbranchial 
segments. Dorsally the hyoid apparatus is 
represented by a slender bone called colu¬ 
mella which remains united with the stapes 
of the middle car by one end and the other 
end has three cartilages, cxtraslapedial, 
infrastapedial and suprastapedial, to fit 
into the tympanic membrane. 

The vertebral column is an elongated 
structure. It shows flexibility at the an¬ 
terior part, compactness at the trunk region 
and shortening near the tail region. Entire 
column is divisible into three regions, 
cervical , thoracic and synsacral. Each region 
includes several vertebrae. 

(a) Cervical vertebrae. ^Altogether 14 cer¬ 
vical vertebrae support the neck region of 
19 


ly. (iv) 0 he transverse processes are perforat¬ 
ed to allow the passage of vertebral artery, 
this passage is called the vertebrarlerial or 
transverse foramen. )The first tw r o cervical 
vertebrae differ from a typical cervical 
vertebra in structure. In both, the 
different parts are much reduced.Q he lirst 
vertebra, which is also known as atlas is 
small ring-like and fused with the second 
vertebra called axis.] (Fig. 8.7 A, B). (6) 
Thoracic vertebrae. Four to five in number, 
of which the last one is free and the rest are 
united. The last thoracic vertebra is fused 
with the synsacrurn.Mn each thoracic ver¬ 
tebra, the centrum is vent rally compressed 
into a plate, called hypophysis (Fig. 8.7E). 
pair of ribs remain attached, with the 
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vertebra by two heads^—on<j headus united 
with the centrum and the other head re-. 
mains united with the transverse process. 
This vertebra] portion of the rib is attached 
with a bony counterpart from the sternum 
and bony interconnections, called the 
uncinate processes , unite these vertebral parts. 
(c) Synsacrum. It is a compact more or less 
triangular skeletal mass formed by the 
fusion of vertebrae (Fig. 8.8B). Together 
with pelvic girdle, it renders rigidity 


to the body. Following vertebrae constitute 
the synsacrum: ( i ) Posterior thoracic— 
only one with ribs not connected with the 
sternum, (ii) Lumbar—Five to six in num¬ 
ber. Ribs are absent. Transverse processes 
are placed high on the neural arch and 
their uniting ligament is ossified to form a 
dorsal continuous bone. (Hi) Sacral—Two 
in number. Transverse processes of each 
sacral originate near the neural arch and 
the centrum is provided with a ventral 



Fig. 8.8. Endoskeleta) structures of Columba (Gontd.). A. Lateral view of sternum, ribs and pec¬ 
toral girdle. B Side view' of pelvic girdle, tail and htndlimb. G. Side view of forelimb. 
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outgrowth which lies pressed against the 
pelvic girdle, (iv) Anterior caudal—Five 
in number and all are fused with the other 
parts of the sacrum, (d) Posterior caudals — 
Six in number. Each one is free and dis¬ 
tinct. Each vertebra is with a short and 
prominent centrum. (<?) Pygostyle or Plough - 
share bone —It is formed by the fusion of last 
four vertebrae. The pygostyle is a com¬ 
pressed skeletal structure and is turned 
upwards. 

The sternum is extremely modi lied due to 
the Hying habit. It is modified ventrally 
into a boat-shaped bony skeletal struc¬ 
ture called keel or carina . The anterior part, 
is provided with a pair of grooves for the 
attachment of the coracoid bones of the 
pectoral girdle. The posterior part possess¬ 
es two pairs of notches. 

Appendicular skeleton 

It consists of skeletal elements which 
constitute limbs and girdles. Among the 
limbs, the forelimbs are modified as wings 
and the hindlimhs are modified as legs. The 
bony components of the forelimbs become 
greatly altered due to the transformation 
into wings. The skeleton of the hindlimbs 
have retained the typical reptilian plan. 
The other skeletal parts are also modified 
accordingly. The pectoral girdle is built 
up for the attachment of wings and the 
pelvic girdle holds the hindlimbs to support 
the body during standing. 

Pectoral girdle and wing. The appearance 
of the pectoral girdle is altogether different 
from that of other vertebrates. The pecto¬ 
ral girdle of each side, contains following 
parts: [i) Coracoid. It is massive, rod-like 
strongly built bone. Each coracoid is plac¬ 
ed on the dorsoventra! axis and attached 
to the broad end with the keel. Anterior 
end contains a process called aerocoracoid 
process, (ii) Scapula. It is a sword-shaped 
bone which extends anterioposteriorly over 
the ribs (Fig. 8.8A), At its anterior end, it 
is connected with the coracoid by a liga¬ 
ment. The coracoscapular angle is Jess 
than 90°. This is a characteristic feature, of 
the flying birds. (Hi) Vurcula or wish bone or 
Merry thought bone. It represents the cla¬ 
vicles and interclavicles of pectoral girdle 
in other animals. It forms a ‘V*-shaped 
structure and hangs along the dorsoventral 
axis in front of the sternum. A small aper¬ 
ture (foramen triosseum) is left at the junc¬ 
tion of' the coracoid, scapula and furcula. 


Through this «apn ture, the tendon from 
.the wing muscles passes for the attachment 
with the humerus, (in) Glenoid cavity. It is 
the place where the head of the lore limb 
fits in. It is formed by both coracoid and 
scapula, the latter forms acromion process 
within it. Each wing contains following 
skeletal pieces: (i) Humerus. It is a strongly 
built bone with broad head. The head 
bears a number of prominent ridges and a 
pneumatic foramen, (in Radius and Ulna. 
Both are separated in the middle but re¬ 
main closely approved at the two ends. 
Radius is a slender, straight skeletal piece, 
while ulna is curved and slightly bent. (Hi) 
Proximal car pals . Two large skeletal pieces, 
one called the radiate and the other called 
the ulnare remain free, (iv) Carpometacarjm . 
This small but compact bone includes tw'o 
skeletal pieces, which arc fused at both the 
ends but separated in (lie middle. One 
piece is stout and straight, while the other 
piece is slender and curved. It is formed by 
the union of two distal car pals and three 
metacarpals. u>) Phalanges. Following pha¬ 
langes arc present in each limb, all of 
which are devoid of claws. They are: ( i ) 
One pointed phalanx is attached with the 
first metacarpal, (ii) Two phalanges re¬ 
main attached with the second metacarpal, 
one of them is llange.-like and the other one 
is pointed, (lit) One pointed phalanx is 
attached with the third metacarpal (Fig. 
8.80). 

Pelvic girdle and hindlimb. The pelvic 
girdle, is compact and ankylosed with the 
synsacrum. It contains following skeletal 
parts in cat'll side: (i) Ilium . U is a broad 
and large bone, fused with the synsacrum 
on its inner side. It is concave anteriorly 
and convex posteriorly, (ii) Ischium . It is a 
broad bone, whic h is fused with the ilium 
at its posterior end. Anteriorly, an ischiatic 
foramen separates the ilium from ischium. 
No ischiatic symphysis is present, (iii) Pubis. 
It is a narrow curved elongated skeletal 
piece, which is placed parallel to the 
ischium and separated from it by obturator 
foramen. No pubic symphysis occurs in 
pigeon, (iv) Acetabulum. It is the cavity 
where the head of the femur fits in. Its 
dorsal side is formed by the ilium and the 
remaining part is formed by the equal share 
of ischium and put^is. The edge of the 
cavity is drawn into a process called anti¬ 
trochanter, which works against the tro¬ 
chanter of the femur of hindlimb (Fig. 
8.8B). 
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Earh hindlimb is compose! of following 
skeletal pieces: (i) Femur. U is a short and 
narrow skeletal piece. Its proximal end 
contains pointed trochanter and rounded 
head. The hindlimb is placed parallel to 
the sagittal plane of the body. The distal 
end is drawn into a pulley like condyles, 
containing a patella as knee-joint , t /7) l ibio- 
tarsus. It is a long bone formed of tibia with 
the fusion of two distal tarsals. (Hi) Fibula. 
It is a small rudimentary bone situated on 
the lateral surface of the. tibiotarsus. (iv) 
Tarsomctatarsus. This bony segment is form¬ 
ed of some of the tarsals and the metatar¬ 
sals of the second, third and fourth digits. 
A small vestige of the first metatarsus is 


the comparatively immobile regions, part¬ 
ly the back muscles become atrophied. 
Some muscles in pigeon’s body have chang¬ 
ed their function due to the modifications 
for flight. The myofibrils composing the 
muscles are extremely elongated and they 
<'an withstand fatigue'ness during prolong¬ 
ed activity. There are many muscles in 
pigeon, of which, the following muscles 
connected with the activities of the wings 
and legs arc described below. 

Breast and wings muscles. The mus¬ 
cles which are concerned with the activity 
of the wings are called flight muscles t'Fig. 
8.9 j. Flight in pigeon is caused by the 
action of the following muscles: 



located on the posterior side of the distal 
end of the tarsometatarsns. The ankle joint 
of bird being mcsotarsal resembles that of 
reptile, ( r) Phalanges. Pigeon has four digits; 
the fifth one is lacking. Phalanges are pre¬ 
sent in the following number ai different 
toes and the distal phalanges of all the 
toes are provided with sharp and pointed 
claws. The first toe or hallux has two pha¬ 
langes and the second, third and fourth 
toes have three, four and five phalanges 
respectively. 

MUSCULAR-SYSTEM 
The muscular system of pigeon is extre¬ 
mely modified to meet the requirements of 
its peculiar way of life. The muscles of the 
active regions, i.e., breast and wings, legs, 
neck, tail are highly developed, whereas in 


(1) Pectoraiis major. These arc paired 
muscles of immense size. These are highly 
vascularised and constitute about one-fifth 
of the total weight of the body. Each 
muscle arises from the whole of keel of 
sternum and from the clavicle. It is present 
over the entire area of the breast bone and 
its fibres are inserted into the great tro¬ 
chanter of humerus. They constitute the 
main depressor muscles of the wings and 
the powerful downstroke is caused by these 
muscles. 

(2) Pectoraiis minor (or Subclavius or 
Supracoracoideus). These paired muscles are 
situated on the dorsal side of the pecto¬ 
raiis major and on the anterior side of the 
sternum proper rather than the keel. Each 
muscle sends its tendon through the fora¬ 
men triosseum (aperture between furcula, 
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scapula and coracoid) and inserts itself 
into the antcrodorsal surface of humerus. 
The foramen acts as a pulley. These are 
the main elevator muscles of the wings. 

(3) Scapulo-humeralis (Posterior and an¬ 
terior). These small muscles are stretched 
from the pectoral girdle to humerus and arc 
responsible for the rotatory motion of the 
wing in the glenoid cavity. 

(4) Tensor patagialis longus. It originates 
from pectoralis major and remains inserted 
into the patagial membrane. It ac ts as a 
tensor of patagial membrane. 

(■)) Rhomboideus externus. It originates 
from the spines of all thoracic vertebrae 
and last few cervical vertebrae. It is atta¬ 
ched with the ventral border of scapula 
and draws the scapula medially. 

(b) Rhomboideus profundus. 1 1 originates 
from all thoracic vertebrae and is inerted 
into the vertebral border of scapula ben¬ 
eath the rhomboideus extern us. It also 
draws the scapula medially. 

(7) Scapulo-humeralis anterior. This mus¬ 
cle arises from the anterior axillary border 
and head of scapula. It is attached with 
the humerus just proximal to pneumatic 
foramen and draws the humerus medially. 

(M) Scapulo-humeralis posterior. 11 origi¬ 
nates from the entire lateral surface of the 
scapula and remains inserted into the 
humerus, distal to pneumatic foramen. It 
also draws the humerus medially. 

(9) Latissimus dor si. It arises from the 
spines of thoracic vertebrae and remains 
attached on the humerus between attach¬ 
ment of triceps arid deltoideus major. Ii 
draws the humerus medially. 

(10) Serratus anterior. This muscle origi¬ 
nates fii>ni the fascia covering third rib 
ventral to uncinate process. It is inserted 
into the ventral border of scapula anterior 
to the origin of scapulo-humeralis anterior 
muscle. It depresses the scapula. 

ill) Serratus posterior. Jt arises from the 
fascia covering fourth, fifth and sixth ribs 
near the level of uncinate process. It is con¬ 
nected with the medial border of the pos¬ 
terior one-third of the scapula. It also de¬ 
presses the scapula. 

(12) Tensor patagialis brevis. Arising from 
the dorsal surface of scapula superficial to 
deltoideus major, this muscle is inerted into 
the tendonous to the lateral surface of the 
elbow to elevate the humerus. 

(13) Scapulo-humeralis profundus. It takes 
the origin from the neck of scapula and is 
attached to the anterior distal one-half of 


humerus. It draws the humerus medially 
and posteriorly. 

(J4) Tensor accessorius patagialis. It origi¬ 
nates from the fascia covering the biceps 
muscle and remains inserted into the 
patagial membrane and keeps the patagial 
membrane tensely stretched when the wing 
is extended. 

(15) Expansor secundariorum. This is a 
smooth muscle and originates from the 
long tendon from scapula and fascia of 
scapulo-humeralis posterior muscle and 
distal end of the humerus. It is connected 
with the bases of the proximal live secon¬ 
dary mniges and ventral coverts. It helps 
the expansion of the remiges. 

1 1 6) Deltoideus major, ll elevates the hu¬ 
merus and arises from the dorso-anteiior 
border of scapula to insert into the great 
trochanter of humerus. 

A 17) Coracobrachialis anterior. It origina¬ 
tes from the distal end of the procoracoid 
and attaches itself with the great trochanter 
of humerus to assist tin* action of deltoi¬ 
deus muscle. 

•JJlJ) Coracobrachialis longus. This muscle 
draws the humerus medially and also dep¬ 
resses the wings. It arises from the coracoid 
and remains attached with the humerus, 
proximal to pneumatic foramen. 

Jt, 19) Coracobrachialis brevis. It also arises 
from the coracoid and inserted into the 
humerus to assist the action of r.orarobra- 
t hialis longus. 

(20) Triceps. It is a large, lleshy muscle 
and originates In two heads from the 
humerus. It is connected with the tendon 
ni'anconeus muscle to the olecranon process of 
ulna. It acts to extend the antibrachium. 

(21) Biceps. Jt acts as t Jit flexor of the anti¬ 
brachium. Its long head arises from sca¬ 
puloclavicular joint, while the short head 
'originates from the. head of the humerus. 
It is inserted into the anlcroproximal sur¬ 
face of radius. 

(22) Brachialis inferior. This muscle arises 
from (he distal end of humerus and atta¬ 
ches itself with the proximal ventral sur¬ 
face of ulna. It assists the activity of biceps 
muscle. 

(23) Pronator sublimus. It helps the pro¬ 
nation of wing. It arises from the distal end 
of humerus and is attached to the antero- 
disfal surface of radius. 

f24) Pronator profuridus. 11 also assists the 
pronation of wing. It arises from the proxi¬ 
mal one-third of ulna and attaches itself 
with the distal end of radius. 
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(25) Ectepicondylo-radialig. It helps the 
activity of biceps. Originating from the 
lateral epicondyle of humerus, it is inserted 
to the shaft of radius. 

(26) Anconeus. It assists the activity of 
triceps. It also arises from the lateral epi- 
condyle of humerus and is attached with 
the lateral surface of ulna. 

(27) Extensor digitorum communis. Arising 
from the distal end of humerus, it is atta¬ 
ched with the posterodistal surface of car- 
poinetacarpus and pel lex. It Hexes the 
pollex, extends the index digit, elevates 
and flexes the hand. 

(28) Flexor metacarpi radial is. 11 flexes the 
hand. This muscle originates from the 
fascia of anconeus muscle and is inserted 
into the outer surface of earpometacarpais. 

(29) Flexor digitorum sublimus. It also Ile¬ 
xes the hand. It originates from the distal 
end of humerus and remains attached with 
the proximal and distal anterior surface of 
carpometacarpus. 

(30) Flexor digitorum profundus, it arises 
from the proximal one-third of ulna and 
attaches itself to the anterodistal border of 
carpometacarpus by an elongated tendon. 
It flexes the hand. 

(31) Flexor carpiulnaris. Originating from 
the distal end of humerus, it attaches to 
the posterior proximal surface of carpo¬ 
metacarpus to Ilex the hand. 

(32) Abductor pollicis. it abducls the pol- 
Iex. 'J’his small muscle arises from the 
anterior surface of carpometacarpus distal 
to pollex and inserted to the ventral sur¬ 
face of pollex. 

(33) Adductor pollicis. This muscle adducts 
the pollex. It originates from the anterior 
surface of carpometacarpus proximal to 
pollex and attaches to the posterior surface 
of pollex. 

(34) . Extensor metacarpi radialis. This mus¬ 
cle extends the wing, it originates from the 
lower end of humerus and remains inserted 
into the carpometacarpus, proximal to 
first digit. 

(35) Ulni-metacarpalis vcntralis. It arises 
from the middle third of ulna and attaches 
to the carpometacarpus proximal to pollex 
by a strong tendon. It acts as pronator. 

(36) Ulni-metacarpalis dorsalis. It elevates 
and flexes the hand. It arises from the distal 
end of ulna and inserted to the proximal 
carpometacarpus.^ 

(37) Interosseus palmAris. It elevates the 
index digit. After originating from the 


ventral surface of carpometacarpus it is 
connected with second and third digits. 

(38) Interosseus dorsalis. It arises from 
the dorsal surface of carpometacarpus and 
is inserted to the second and third digits. 
It also elevates the index digit. 

(39) Extensor pollicis longus. This muscle 
extends the hand and arises from the distal 
half of radius to insert into the carpometa¬ 
carpus proximal to the first digit. 

(40) Deltoideus minor. It originates from 
the head of scapula and attaches to the 
great trochanter of humerus. It elevates 
the humerus. 

Leg muscles. The leg masculature of 
pigeon is highly specialised and assists to 
perch on the branches of the tree, besides 
walking on land. The muscles are: 

(1) Peroneus longus. It originates from 
tibia and remains inserted to the tendon of 
(lexor perforans ct perforatus digiti (HI). 
It Ilexes the digits. 

(2) Peroneus brevis. This muscle assists in 
extension and abduction of tarsometatar- 
sus. It arises from the posterior proximal 
portion of tibia and united with the lateral 
surface of ankle. 

(3) Gastrocnemius. It arises from three 
heads: (i) lateral condyle of femur, (it) me¬ 
dial surface of head and neck of tibia and 
(Hi) ilium near the J'emurocaudalis muscle. It 
joins with the tarsometatarsus and phalan¬ 
ges and assists in the extension of larso- 
meta tarsus. 

(!) Plan tar is. After originating from the 
mcdioproximal shaf t of tibia, it is attached 
with the tibial cartilage (heel) to help ex¬ 
tension of tarsometatarsus. 

(5; Tibialis an|pcus. It has its start from 
the external condyle of femur and anterior 
surface of the head of tibia and joins with 
the metatarsus. It flexes the tarsometatar¬ 
sus against shank. 

(6) External digitorum longus. Til is mus¬ 
cle acts as a common extensor of the digits. 
It starts from the anterior surface of tibia 
beneath the peroneus brevis and ends in 
the distal phalanges of all digits. 

(7) Flexor perforans et perforatus digiti 
(HI). It acts as the flexor of third digit. It 
arises from the medial condyle of tibia and 
remains inserted into the second phalanx 
of the third digit. 

(8) Flexor hallicus longus and Flexor halli- 
cus brevis. The former one arises from the 
lateral condyle of femur and the last one 
originates from the tibia. Both the muscles 
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join with the ventral surface of first digit 
and act as the flexors of first digit. 

(9) Flexor perforatus digit! (II). It origi¬ 
nates from the tibia and joins to the median 
surface of the first phalanx of second digit, 
it acts as adductor of second digit. 

(10) Flexor perforatus digit! (IV). It acts as 
adductor of fourth digit. After arising from 
the tibia, it is inserted to the median sur¬ 
face of first phalanx of fourth digit. 

(11) Extensor hallicus. This muscle arises 
from the metatarsus and attaches itself to 
the dorsal surface of first digit. It extends 
the first digit. 

(12) Lumbricalis. This muscle acts as 
the flexor of third digit. It arises from the 
tendons of flexor muscles and is inserted 
into the third digit. 

LOCOMOTION 

Like other flying birds, pigeon is spe¬ 
cially adapted to move both in the air and 
on land. Flight is caused by the activity of 
the wings and other structures also help in 
the process. In addition to its ability to fly, 
pigeon can stroll on the ground and at 
the same time can perch on the branches 
of the trees. 

Flight mechanism of pigeon 

The flight involves certain complicated 
and delicate steps. In order to fly efficient¬ 
ly, the body of pigeon like all others flying 
birds is built up in a special design. The 
details of flight mechanism is still incom¬ 
pletely known. However, the following 
account will give an idea. 

Principles of flight I 

When our hand is stretched out from a 
running motor car or train, it is felt that 
the hand (which is slightly convex on the 
upper surface) is pushed upward and if the 
air-current is strong it can support the 
hand in air. This upward pushing is called 
lifting. If the air-current is not strong 
enough, then the drag of the centre of 
gravity will bring the object downwards. 
It means that in order to remain suspended 
in air, there must be enough force to nega- 
tivate‘the drag force and that must be 
proportional to the weight of the indivi¬ 
dual. The same principle is applicable to 
the flight of bird. In pigeon, the forelimbs 
are modified as wings. These wings not 
orfiy work as the surface where air-current 
acts to lift, but also-is specially built to 


produce necessary air current required for 
the lifting of the body. Flight does not 
mean only the support of the body in air; 
together with lifting the bird will have to 
move forward. Both these functions during 
flight are carried bv wings cither by flapping 
or gliding . Of these two aspects of flight, 
lifting and moving forward, the bird 
spends more energy in the former than the 
latter. The secret of success of flying lies in 
the special modifications of the body which 
will be discussed in details in the last por¬ 
tion of this chapter (vide page 314). 


Perching mechanism 

The hindlimbs of pigeon are typically 
built on the reptilian plan. Pigeon, like" 
other flying birds, has the ability to perch 
on the branches of the tree. Some muscles 
in the legs are modified in such a fashion 
that the toes can close round the twig auto¬ 
matically when it sits on the tree. There 
are four digits in the hindlimbs which are 
Hexed by two sets of tendons. The tendon of 
the hallux arises from the flexor peribrans 
muscle (Fig. 8.10). The tendons of the three 
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Fig. 8.10. Leg muscl of Columba. 


forwardly directed digits are formed by 
the trifurcation of the tendon coming from 
peroneus muscle. The- tendons are so 
oriented that a pull upon any* tendon 
flexes the toes. Whdh the bird settles on the 
branch of a tree, the l&js arc bent and puts 
the flexor tendons bn the stretch. With the 
exertion of the pull, the toes are bfent 



296 


BIOLOGY Or ANIMALS 


spontaneously around the perch. A bird 
can go to sleep in this position without any 
fear of falling off. To unlock the feet, it ii 
obligatory for the bird to raise its body to 
straighten the leg and loosening the ten¬ 
dons which have been pulled fight over 
the ankle during perching. It is interesting 
to note that the foot contains no muscle, 
but the working of the digits is controlled 
by tendons coming from the muscles situat¬ 
ed in the upper sector of the legs. It has 
been claimed that some other muscles also 
assist in the process of perching. 'Hie role 
of ambiens (a thigh muscle originating from 
the pubis and travels along the entire 
length of the leg to join the muscles of the 
toes) in perching is a disputed issue. 

DIGESTIVE .SYSTEM 

The digestive system of pigeon includes 
alimentary canal and digestive glands and pro¬ 
vides the nutrition. In comparison to the 
size of the bird, the length of the alimen¬ 
tary (‘anal is short and its different parts 
are modified in such way that assimilation 
occurs in a short time. The digestive system* 
is highly modified in pigeon due to the loss 
of teeth and also as an adaptation for 
aerial life. 

Structure of the alimentary canal 

The alimentary canal consists of the 
following parts: (i) Mouth. This inlet aper¬ 
ture is present at the tip of the head and is 
bounded by horny upper and lower beak. 
Teeth are totally absent, (ii) Mouth cavity 
and pharynx. Mouth leads into mouth 
cavity and pharynx. These regions con¬ 
tain: (a) Internal nostril. It is a single opening 
on the root of the pharynx through which 
both the nates open internally, (b) Tongue. 
It is a prominent structure with free pointed 
anterior end. Some taste buds and nume¬ 
rous mucous glands are present on the sur¬ 
face. (c) Glottis. It is an aperture which 
leads into trachea and is placed near the 
base of the tongue, (d) Gullet. It is the last 
part of the pharynx which continues as an 
opening into the next part of the alimen¬ 
tary canal, (iii) Oesophagus. It begins from 
the gullet and runs through the ventral , 
part of the neck as a straight tube. Near 
the junction of neck and trunk it comes 
between skin and musicle and enlarges to 
form a sac, called /he crop. The crop plays 
dual role in the life of pigeon and other 
birds. It acts as a large temporary reser¬ 


voir of crude food grains. The presence of 
crop enables the bird to ingest a consider¬ 
able quantity of food grains very quickly. 
Besides its normal function of storage, the 
epithelial lining of the crop produces -a 
proteinaceous, white slimy secretion called 
the 4 pigeons milk' . This is produced in both 
the sexes during breeding season. The 
young squabs are fed by the parents by 
regurgitation of the fluid. The secretory 
activity is controlled by the prolactin hor¬ 
mone of anterior pituitary. The composi¬ 
tion of pigeon’s milk is given below: 

Water .. 65-81% 

Protein .. 13.3-18.8% 

Fat .. 6.9-12,7% ‘ 

Ash .. 1.5% 

It has a great nutritive value even more 
efficient than that of mammalian milk. 
From the- crop, the oesophagus enters 
within the cavity of the trunk and passes 
dorsal to the heart to open into the next 
part cilled the stomach, (iv) Stomach. It is 
divisible into two distinct parts: "(a) Pro- 
venfHculus. Jt is the first part of the stomach 
to receive the oesophagus (Fig. 8.11 A). It 
is tubular arid internally lined by nume¬ 
rous gastric glands. A red coloured small 
spleen remains morphologically attached to 
the outer side* of the* provent picul us. 
(b) Gizzard, tyt is the second part of the 
stomach and is semicircular in outline. 
The walls of the gizzard are highly mus¬ 
cular and contains very little inner space^ 
Internally the wall contains numerous 
ridges and its epithelial lining becomes very 
thick and lough. It has innumerable small 
tubular glands. few stones which are 
swallowed by the bird, remain within the 
lumen and are responsible for crushing the 
food (Fig. 8.1 I B). The function of gizzard 
is purely mechanical and acts mainly as 
the grinding machine to crush the food.J 
yThe gizzard compensates the role of teeth 
in pigeon' In grain eating birds the gizzard 
is highly* muscular, while that of pisci¬ 
vorous birds, it is simple and thin-walled. 
(?>) Intestine. Intestine begins from the 
gizzard near the opening of proventriculus 
and is divisible into following parts: (a) 
Duodenum , (b) Ileum and (c) Rectum. 

Duodenum. This is the first part of the intes¬ 
tine and is distinctly ‘U’-shaped in appear¬ 
ance. Internally, the duodenum contains 
villi, crypts of Lieberkuhn and goblet cells . 
Ileum . It is the second part of the intestine 
having numerous vilfl inside it. The length^ 
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of the ileum is shorter than that of other 
animals. The first and the last parts of the 
ileum are loop-like and the middle part 
is spirally coiled. Rectum. It is the last 
part of the intestine and is of same thick¬ 
ness as that of ileum. Near the junction of 
ileum and rectum, originates a pair of small 
lateral blind leaf-like caeca. ( vi) Cloaca. 
Rectum opens into a chamber called 
cloaca. The cloaca is spacious, muscular 
and is divisible into three chambers: 
coprodaeum , urodaeum and proctodaeum (Fig. 
B.llC). The coprodaeum receives the in¬ 


testine. The uriqogenital ducts open within 
the urodaeum and the proctodaeum opens 
externally by the vent. In the nestlings, a 
special thick walled glandular chamber, 
bursa fabricii. remains in close association 
with cloaca and communicates with the 
proctodaeum^ It degenerates in the adult 
bird. The bursa fabricii may have some 
local protective function inyoung ones, (wi) 
Cloacal aperture. The proctodaeum of cloaca 
opens to the exterior through the cloacal 
aperture or vent. It is present on the ven¬ 
tral side and near the base of the tail. 
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Fig. 8.11 .^^JDigestive system of Columba. The cloaca is longitudinally cut. B. Sagittal sectional 
* of gizzard. C. Longitudinal section of cloaca showing the different regions. 
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Digestive glands „ 

Following digestive glands are associated 
with the alimentary system: (1) Mucous 
glands. These are present on the surface of 
the tongue and crop and are .responsible 
for the moistening of the food. (2) Salivary 
glands. Paired angular and unpaired sub¬ 
lingual salivary glands are located in the 
pharyngeal region. The secretion called 
saliva moistens the food and also contains 
diastatic enzyme. (Hi) Crop glands. The 
secretion called “crop-milk or pigeon’s 
milk” is produced by these glands. It is 
used for the nourishment of the young. 
(iv) Gastric glands. Present on the internal 
lining of proven trie ulus and secretes gastric 
juice, (v) Tubular glands. These glands are 
present on the internal lining of gizzard. 
The fluid secreted by these glands is thick, 
horny, yellowish green in colour., (vi) Liver. 
Paired deep brown coloured glands of 
immense size are present ventral to the 
gizzard. It produces the juice called bile 
which passes through two bile ducts one 
coming from each lobe of liver. The bile 
ducts open separately within the two limbs of 
the duodenum. The gall bladder is absent 
in pigeon, (ini) Pancreas. It is a pinkish 
white gland located in between the two 
limbs of the duodenum. It is a combination 
of both exocrine and endocrine glands. 
The exocrine part producing pancreatic 
juice opens into the duodenum by two 
or three pancreatic ducts. The endocrine 
part produces insulin, which is directly 
poured in the blood vcslcI. (viii) Crvpls of 
Lieberkuhn and Goblet cells. These are pre¬ 
sent in the lining of the duodenum and sec¬ 
rete juice called secretin which influences 
the pancreas to produce pancreatic juice. 
(ix) Glands in the ileum. These glands pro¬ 
duce digestive juices which contain various 
enzymes, (x) Caecal glands. Produce cer¬ 
tain digestive juices for the digestion of 
vegetable fibres. They are also concerned 
with the absorption of water, 
i 

-'Physiology of digestion 

The physiology* of digestion in pigeon 
involves the three following steps: 

Ingestion . Pigeon is a grain or seed 
eater. It picks up grains very rapidly which 
are quickly swallowed. The shape of the 
beak is modified in ’such a way that it 
helps in its ingest^6n. Tho swallowed food 
being moistened by mucus, is stored in the 
crop. 


Digestion. Within the crop the food is 
moistened and macerated. The passage of 
food from crop to proventricuius is regu¬ 
lated. Inside the proven triculus, the gastric 
juices containing HC1 and Pepsin act 
over the food. Within the gizzard the food 
is completely churned by the action of 
gizzard wall and stones. The secretion of 
gizzard glands helps in the process. The 
churned food while travelling through the 
duodenum comes in contact with the bile 
and pancreatic juice. The bile neutralises 
the acidity and different enzymes present 
in the various digestive juices. The com¬ 
pletely broken down food is absorbed 
through the lining of small intestine. Resi¬ 
dual part passes into the rectum where 
water is absorbed and the fibres are broken 
down by the caecal juice. 

Egestion . Residual part called the faeces 
is temporarily stored in the cloaca where 
it mixes with the urine and is periodically 
dropped through cloacal aperture. 

RESPIRATORY SYSTEM 

The aerial mode of life requires more 
energy. In order to get this energy, pigeon 
eats a large quantity of food and to break 
down the assimilated food at a faster rate, 
the respiratory system is extensively modi¬ 
fied. The lungs are proportionately smaller 
in size, but the functional efficiency is in¬ 
creased bydevelopment of air-sacs. 
Thus the respiratory system of pigeon has 
two unique features: (1) presence of a non¬ 
elastic, compact lungs and (2) possession of 
several air-sacs. 

Following structures are present in the 
respiratory system of pigeon: 

External nans. These are paired openings, 
present near the base of the upper beak 
and within the cere. Internal (.Single 
opening which opens at the roof of pharyn¬ 
geal region} and both the external nares 
communicate through this common aper¬ 
ture. Glottis. This is a slit-Jike aperture, 
which is present on the floor of the mouth 
cavity and near the base of the tongue. It 
leads into the next part, trachea. Trachea. 
This elongated tube begins from glottis and 
runs along the neck region along the ven¬ 
tral side of the oesophagus. The trachea is 
composed of complete bony tracheal rings 
(Fig. 8.12A). Near its commencement, the 
trachea is enlarged into a chamber called 
the larynx . This chamber is supported by a 
cricoid cartilage (which is composed of 
four pieces) and one pair of arytenoid 
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cartilages. In the birds, the larynx does not 
function as voice box. Syrinx. Near the 
junction of neck and trunk, the trachea is 
swollen into a chamber called the syrinx. 
it is formed by the dilation of the last three 
or four tracheal rings and first bony ring 
of each bronchus. The mucous membrane 
of the syrinx constitutes a pad-like thicken¬ 
ing and is provided with several muscles 
and membranes. T he syrinx is actually the 
voice box. The syrinx is the characteristic 
organ of pigeon and many other flying 
birds. It has a complicated structural cons¬ 
truction. FA bar of cartilage called the pes- 
sulus is present at the junction of two bron¬ 
chi (Fig. 8.12B). It extends dorsoventrally 


complete and fy>ny, while the rest are in¬ 
complete mcsially. The left and right 
bronchi are called primary bronchi or meso- 
bronchi . Each mesobronchus in the begin¬ 
ning, is composed of rings of cartilages, but 
inside the hmg such rings are absent. Each 
primary bronchus enters the lung through 
a small space ca\\cd~ve>tibulum and extends 
up to the posterior extremity of lung. 
Within the lung, the mesobronchus sends 
a pair of branches called secondary bronchi 
and each secondary bronchus breaks up 
into a network of tertiary or parabronchi and 
send branches to the air-sacs . Each tertiary 
bronchus again subdivides into numerous 
liner network of tubules (air capillaries). 



Fig. 8.12. Respiratory organs of Columba. A. 'Trachea, bronchi and lungs. B. Diagrammatic longi¬ 
tudinal sectional view of the syrinx. 


inside the tympanum and holds a small 
fold of mucous membrane called the mem- 
bran a semilunaris. The inner membranous 
lining of the bronchi produces inconspi¬ 
cuous internal lympaniform membranes. The 
sound is produced by the vibration of the 
membrana semilunaris while the pitch of 
the sound is controlled by the action of the 
syringcal masculatiire.jfThe syringeal mas- 
culature includes a pair of intrinsic syringeal 
muscles (arise from the lateral sides of the 
trachea and are attached with the syrinx) 
and a pair of sternotracheal muscles (originate 
from the sternum and are inserted into 
the trachea). The position of syrinx 
can be change^ by the action of these 
muscles. Bronchus . Within the trunk, the 
trachea bifurcates into right and left 
bronchi. The first ring of each bronchus is 


which remain in close contact with the 
blood capillaries. While running poster¬ 
iorly, the diameter of mesobronchus gra¬ 
dually decreases and it: finally opens into 
the abdominal air-sac by a opening called 
ostium. 

Lungs. The lungs are small in size in 
comparison with that of the body. These 
are paired pink coloured organs. The wall 
of each lung is spongy, solid and very little 
elastic. The dorsal surface of the lungs is 
fitted closely with the interspaces of ribs 
and lacks the peritoneal covering. The 
ventral wall has a compact fibrous tissue 
sheet called the pleura or pulmonary aponeu¬ 
rosis. The wall of the?pleura has special fan¬ 
shaped costopulmonary byscles which origi¬ 
nate from the joints of vertebral and ster¬ 
nal ribs. The alveolar lining is formed by 
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the ramification of tertiary tubules with the 
distribution of blood vessels. 

Air-sacs. The air-sacs are bladder-1 ike 
structure,sTYhese are formed by the dila¬ 
tion of the mucous membrane of the bron¬ 
chus. The air-sacs are thin walled membra¬ 
nous sacs and are devoid of blood vessels. 
Following air-sacs are present in the body 
of pigeon and all of them remain in com¬ 
munication with ihc pneumatic cavities 


of bones. There are nine major and four 
accessory air-sacs in pigeon (Fig. 8.13). 

Major air-sacs . The major air-sacs origi¬ 
nate directly from the lungs. Of the nine 
such air-sacs, four of them arc paired and 
one is unpaired. 

( a) Paired air-sacs 

(i) Posterior (or abdominal) air-sacs, 
(«) Posterior thoracic air-sacs, 



Fig. 8.13. Air-sacs of Colwnba. 
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[iii) Anterior thoracic air-sacs and 

( iv ) Cervical air-sacs. 

(b) Unpaired air-sac 

(t) Interclavicular or median air-sac. 

Accessory air-sacs. These air-sacs originate 
as paired diverticula from the interclavi- 
cular air-sac. These,paired sacs are: 

(i) clavicular air-sacs and 
(//) humeral air-sacs. 

Abdominal air-sacs. These arc also called 
the posterior air-sacs and lie among the 
coils of intestine. These arc the posterior- 
most and largest air-sacs in birds. The 
right air-sac is larger than its left counter¬ 
part. These air-sacs send diverticula into 
the pelvic girdle, synsacrum, hindlimbs and 
between thigh muscles. 

Posterior thoracic air-sacs. /These paired 
air-sacs are placed on the posterior side of 
the thoracic cavity. The left sac is slightly 
larger than the right. Both the sacs are 
closely apposed with the lateral wall of the 
body cavity. Hack bronchus, near its en¬ 
trance into the lung, gives three short 
branches: One enters into the anterior 
thoracic air-sac, the second is connected 
with the cervical air-sac and the third en¬ 
ters the interclavicular air-sac. 

Anterior thoracic air-sacs . ^These paired 
air-sacs are located, one on each side of 
the thoracic cavity towards the anterior 
part between the lungs and the ribs. 

Cervical air-sacs. These paired air-sacs arc 
placed near the base of the neck and in 
front of the lungs. Each sac sends diverti¬ 
cula into the cervical vertebrae and the 
skull. 

Inlet clavicular air-sac. This is an unpaired 
and median air-sac of large size. It has two 
ducts, one opening into each lung. Al¬ 
though this sac is unpaired in adult, it is 
formed by the fusion of two sacs which are 
evident by the presence of two ducts. Each 
side of this air-sac gives off two extensions - 
u) Clavicular air-sac and [ii) Humeral air- 
sac. These sacs are communicated with the 
cavities of the bones. 

A layer of fibrous tissue called oblique 
septum encloses the ventral walls of both the 
thoracic air-sacs. This septum extends up 
to the pericardium and unites with the 
similar.septum of other side. Such union 
along the middle line separates the body 
cavity into two chambers. One chamber 
houses the lungs, thoracic and interclavi¬ 
cular sacs and the other chamber contains 
the heart, liver, stomach, intestine and 
abdominal air-sacs. 


Role of air-sacs 

• 

The air-sacs play important role in the 
lile of Hying birds. The air-sacs are not pro¬ 
vided with a capillary network, so they are 
not directly respiratory in function. Be¬ 
sides, these sacs are essential components 
for aerial life. The different uses of air- 
sacs are mentioned below: 

function at bellows. As the lungs are an¬ 
chored firmly to the dorsal wall of the 
thoracic cavity, the elasticity of the lungs 
is greatly hampered. To carry on an effi¬ 
cient circulation of air through the lungs 
during respiration, some mechanical aid 
becomes necessary, specially during High!. 
The air-sacs give the mechanical aid by 
acting as the bellows. 

Act as balloons. W hen the air-sacs are in¬ 
flated due to intake of warm air, the spe¬ 
cific gravity of the body is lowered to a 
considerable extent. As the warm air is 
lighter than ordinary air, tin* retention of 
such air inside the air-sacs makes the body 
considerably lighter. 'This also lessens mus¬ 
cular efforts to sustain the body heavier 
than air. 

Function a.\ ballast. The air-sacs arc so 
nicely arranged on (lie two sides of the 
body, proper centre of gravity is establish¬ 
ed for balanced flight, lhlic equilibrium is 
lost by chance during flight, restoration of 
the equilibrium is easily maintained by 
shifting of the contained air from one side 
of the body to the other. 

Lessen mechanical friction. The air-sacs 
send branches which arc inserted between 
the muscles especially the flight muscles) 
like pads. Such a placement of air-sacs 
reduces mechanical fiiclion to a large ex¬ 
tent and increases the flexibility of the 
wings’during flight. 

Regulate and maintain body temper alum. 'The 
skin of bird lacks integumentary glands. So 
the skin has no utility in the regulation 
and maintenance of body temperature. 
Retention of warm moist air inside the 
air-sacs help to regulate and maintain the 
body temperature. '-•* - * 

Serve as the containers of reserve air. During 
rest the respiration involves the alternate 
depression and elevation of the breastbone 
caused by the activity of the intercostal 
muscles. But during flight the breastbone 
as well as the ihorack basket are kept ift a 
rigid state and the intercostal muscles re¬ 
main in tension. The respiratory process is 
slightly hampered for the time. Therefore, 
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some internal source of reservoir of air be¬ 
comes indispensable The air-sacs subserve 
this function and ventilate the lungs during 
flight. 

Act as resonator . The pitch of the sound is 
controlled to some extent by the forceful 
expulsion of the air from the air-sacs which 
act as resonator. 

Regulate the moisture content of air. Water 
is evaporated from the walls of the air-sacs 
in birds. So the air-sacs regulate the water 
content of the body. 

Mechanism of respiration. The uni¬ 
que feature of avian respiration is the double 
supply of oxygenated air to the surface of 
lungs for improved aeration. For this rea¬ 
son, the respiration is called double rcs- 
■; piration. During inspiration , fresh air rushes 
through trachea and bronchi into the lungs 
and air-sacs and ultimately diffuses into 
the air-spaces of the bones; The gaseous ex¬ 
change takes place only within the lung. 
At the time of expiration, the deoxygenated 
air from lungs rushes out but the air from 
air-sacs enter inio the lungs. Thus in 
pigeon, as in all other birds, the lungs are 
; filled up for the second time with fresh 
tidal air. In other air-breathing animals in 
between inspiration and expiration, some 
amount of residual air always remains wi¬ 
thin the cavity of lungs. But in birds the 
residual air remains inside the air-sacs 
and to the smaller branches of the bronchi. 
Because of the fact the aeration of the blood 
is complete in pigeon and thus increases 
the respiratory efficiency to yield extra 
energy. t'T* C orr\ : $v 

* The respiratory movements are caused 
by two sets of muscles, one set operates 
during flight and the other set works at the 
time of rest. During flight , both inspiration 
and expiration are caused by the move¬ 
ments of the pectoral irmscles. At the time 
of rest, inspiration is caused mostly by the 
activities of intercostal muscles and expiration 
by. the movement of abdominal muscles. 

CIRC ULATORY SYSTEM 

1 wo ditte'rcnt Iluids circulate through 
the body of pigeon. The blood, heart and 
i the blood vessels constitute the blood vas¬ 
cular system. Another fluid, the lymph 
and the lymph channels are included under 
the lympathetic system. 

Blood vascular system 

it' As stated earlier, this system includes the 
blood, heart and the blood vessels. 


Blood. The blood contains plasma and * 
corpuscles. The red blood corpuscles are 
oval in shape and nucleated. The white 
blood corpuscles are present in much lesser 
number but are of different types. The 
different types of white blood corpuscles 
are: (i) lymphocytes , (ii) heterophils, (in) poly- 
morpho-nuclear-pseudo-eosinophilic granulocytes , 

(iv) basophils , (v) eosinophils and 

monocytes. The blood platelets arc absent in 
pigeon, but the blood clots quickly. New 
blood cells are formed in the bone marrow 
and the blood corpuscles are destioyed 
within spleen. 'The spleen is a red body of 
oval shape situated on the right side of the 
proventriculus and attached with it by 
peritoneum. 

Heart^Thc heart is an oval organ placed f 
in the anterior part of the thoracic cavity 
but ventral to the oesophagus. The heart 
is quite large in size in proportion to body • 
size. It is enclosed by a thin white mem¬ 
braneous pericardium and the pericardial 
cavity contains a serous fluid. 'The auricles 
and ventricles are distinctly separated by 
a groove called the coronary sulcus. The 
sinus venosus is absent and is absorbed in the 
wall of the right auricle. Both auricle and' 
ventricle are completely divided into right 
and left chambers (Fig. fl.14). Thus heart 
is completely four chambered and all the 
chambers are lined by endocardium. T he 
right auricle is slightly larger than the left 
auricle. The ventricles are very powerful^ 
The left ventricle contains a round cavity 
while the right one has a crescentic cavity 
partly surrounding the left./The auricles 
and ventricles are divided Internally by r 
inlerauricular and interventricular septa, res- * 
pectively. The right auriculovcntricular 
valve is flap-like and muscular in nature. 

The presence of single right auriculoven- 
tricular valve is a diagnostic feature of 
pigeon. The left am iculoventricular valve 
is membranous and provided with two 1 
cusps]which arc attached with the ridges 
of the ventricular wall. Cord-like fibres 
(chordae tendineae) are attached to the mar- * 
gins of the auriculovcntricular valves and ^ 
to the walls of ventricles by papillary mus¬ 
cles. These muscles control the activity of 
the auriculoventricular valves via the 
chordae tendineae.(The right auricle re¬ 
ceives deoxygenated blood from three * 
caval veins and the leff auricle receives 
oxygenated blood through four pulmonary 
veins. From the left ventricle originates the t 
single right aortic arch which conveys 
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lig. 8.14. Heart of Col uni bn. A. Dorsal view. B. Ventral view. C. Longitudinal sectional view. 


oxygenated blood to the different parts of the 
body. The right ventricle gives rrse to pul¬ 
monary arch which carries deoxygenated 
blood to the lungs. The left ventricle is 
usually called the systemic ventricle and 
the right is called the pulmonary ventricle. 
The openings of the arches are guarded by 
three cup-like thick semilunar valves. The 
working of heart is controlled by elaborate 
intrinsic nervous system of heart. The wall 
of the right auricle bears sinuauricular node 
(or pace-maker) and the atrial septum 
bears auriculovenhicular node. A special ring 
of Pur kinjc fibres is also present around right 
auric.uloventrir.ular wall. The rate of sys¬ 
tole and diastole is much faster than other 
vertebrates.) 

Mechanism of circulation through heart. 
During the diastolic phase, the heart 
relaxes and the auricles receive blood from 
the veins. The right auricle gets the deoxy¬ 
genated blood and the left auricle is filled 
up with oxygenated blood from the 1 ungs via 
the pulmonary veins. The systolic action 
starts from the right auricle. It actually 
begins from the sinuauricular node and 
passes to the auriculovcntricular node. 
This wave then spreads to the remaining 
parts of the heart. At the time of auricular 
systole, the blood comes to the ventricles 
through the auriculoventricuiar aperture. 
When the ventricles start contraction, the 
deoxygenated blood from the right ven¬ 
tricle is pushed to the lungs by the pulmo¬ 
nary arches. Single right aortic arch from 
the left ventricle conveys the oxygenated 
blood to the different parts of the body. 


The heart of pigeon is a double circuit 
heart and there is no chance of mixing 
up of oxygenated and deoxygenated blood 
except in the capillaries. This is a signifi¬ 
cant evolutionary advancement in birds 
over reptiles. 

Blood vessels 

The blood vessels include the arteries, 
veins and capillaries. The arteries supply 
blood to the different parts of the body and 
break up into arterioles and finally to finner 
anastomosing branches - the capillaries. 
The capillaries reunite to form the venules 
which ultimately form the veins. 

Arterial system 

The arterial system of pigeon com¬ 
prises of the following aortae and their 
branches: 

(1) An aortic arch originates from the left 
ventricle and then curves over the right 
bronchus. It reaches the dorsal body wall 
and then proceeds backwards as the dorsal 
aonta- (2) 'This right aortic arch, immecfiaT 
tely gives rise to two stout innominate or 
brachiocephalic arteries. (3) Each innominate 
artery gives rise to common carotid and sub¬ 
clavian arteries. (4) Common carotid artery 
proceeds anteriorly along the ventrolateral 
side of the neck region .and gives three 
branches: (t) Internal carotid artery . It runs 
up to the head regi<*n and supplies the 
brain. It gives anotheKartery called the 
descending oesophageal, (if) Vertebral artery. 
It goes to the vertebrarterial canal of 
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ihe vertebral column, supplies blood to 
the neck vertebrae and eventually goes to 
the brain, (iii) Comes nervi vagi. It runs an¬ 
teriorly along the side of the vagus nerve 
and unites with the internal carotid artery. 
It sends one branch called the ascending 
oesophageal artery (Fig. 8.15). ( iv) External 
carotid artery. This artery sends branches to 


Internal mammary artery. It supplies the ribs 
and sternum, (it) Pectoral artery. This artery 
branches profusely and supplies the breast 
muscles, (iii) Axillary artery. This artery is 
the continuation of the subclavian artery in 
the arm pit or axilla. It gives off an artery 
to the shouldeivand proceeds to the wing 
as the brachial artery. 





j 


the oesophagus an4 muscles of the head Dorsal aorta and its branches . The dorsal 
and palate. (5) Sybclavian artery. The sub- aorta runs along the iniddorsal wall of the 
clavian artery i/a very stout vessel and body cavity and sends the following bran- 
gives rise to the following arteries: (i) dies: (i) Dorsal intercostal artery. It supplies 
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the intercostal muscles, (ii) Coeliac artery . It 
arises from the dorsal aorta as a single 
artery to the abdominal viscera. It gives a 
short splenic artery to the spleen, (Hi) Ante¬ 
rior mesenteric artery supplies the small intes¬ 
tine. (iv) Genital artery. This artery supplies 
the gonad. In male, the testis gels the sper¬ 
matic artery, while the female gets the ovarian 
artery to the ovary, (f) Renal arteries. The 
renal arteries comprise of three pairs of 
arteries supplying the three lobes of the kid¬ 
ney. (a) Anterior renal arteries. These paired 
arteries supply blood to the anterior lobe 
of the kidney. ( b) Median and posterior renal 
arteries. Both these arteries are paired and 
supply the median and posterior lobes of 
the kidney, (vi) Femoral artery. These paired 
elongated branches pass through the kid¬ 
ney to supply blood to the proximal region 
of the hindlirnbs. (vii) Ischiadic /riery. This 
paired arteries supply blood to the posterior 
part of the hindlirnbs. (viii) Internal iliac 
artery. The dorsal aorta divides posteriorly 
to form two internal iliac arteries, a pos¬ 
terior mesenteric artery and a single caudal 
artery. ( ix) Posterior mesenteric artery. This 
single artery supplies the mesenteries of the 
posterior side. (*) Caudal artery. Single 
slender vessel originates as continuation of 
the dorsal aorta to supply to the tail region. 

Pulmonary arch. The pulmonary arch 
arises from the right ventricle and imme¬ 
diately after coming out of the heart, it 
bifurcates to scad pulmonary arteries to 
the lungs. The pulmonary arch conveys 
deoxygenated blood from the heart to the 
lungs for oxygenation. 

Venous system 

The venous system of pigeon is peculiar 
by showing the following characteristics: 
(i i ) Each lung gives out two pulmonary 
veins opening into the left auricle, (ii) Two 
precavals and one postcaval open directly 
into the right auricle (Fig. 8 . 16 ). There is 
no trace of sinus venosus. (Hi) Considerable 
reduction of renal portal vein. 

The veins in pigeon may be divided into 
three categories: Pulmonary, systemic and 
portal veins. 

Pulmonary veins . The pulmonary veins 
constitute a very short circulatory circuit 
and carry oxygenated type of blood from 
the lungs. These veins enter the left auricle. 

Systemic veins. Three principal systemic 
veins—two precavals and one postcaval 
drain deoxygenated blood from the capil- 
20 


larics pi’ the body and open separately into 
the right auricle/ 



Veins anterior to the heart. The paired pre- 
cavals with all the veins opening into them 
are included under this category. Each 
precaval receives (i) Jugular vein , (ii) Bra¬ 
chial vein , (Hi) Pectoral vein and (iv) Internal 
mammary vein. 

Jugular vein. This vein receives several 
small veins from the crop and the shoulder, 
the vertebral vein and other veins from 
the head and neck. The vertebral vein brings 
blood from the vertebral column and spinal 
cord to jugular vein. Fhe veins from the 
crop and shoulder are small and nume¬ 
rous. Their number and disposition are 
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the ligament of the gizzard. Genital veins 
[spermatic vein in case of male and ovarian 
vein in female) are short veins which emptify 
to the iliac veins. Renal veins . These veins 
bring blood from the kidneys and open 
into the iliacs as well as into the renal portal 
vein. Sciatic vein. This vein from the 
thigh opens into the renal portal vein. 
Internal iliac veins. These paired veins 
bring blood from the dorsal pelvic region. 
Caudal vein. This small vein comes from the 
uropodinm. Coccygeomesentcric or inferior 
mesenteric vein. This vessel runs anteriorly 
in the mesentery to participate in the 
hepatic portal system. It also gets branches 
from the rectum. The blood from this 
vein also flows to the renal portal vein. 
(Fig. 8.17). 

Portal veins. The hepatic and renal portal 
veins are also considered under the pos¬ 
terior veins. The renal portal vein originates 
at the junction of ihe coccygeomcsenleric, 
internal iliac and caudal veins. Each renal 
portal vein passes through the kidney tissue 
of that side and opens into the femoral 
vein and also receives sciatic vein. The 
renal portal vein is peculiar, because it 
never breaks up into capillaries in the 
kidney, but sends off a few small branches. 
Small renal veins open to this vessel. The 
hepatic portal vein forms an elaborated sys¬ 
tem. This system drains blood into the 
liver from the abdominal viscera (Fig. 
8.18). The hepatic portal system includes: 
Gastroduodenal vein which is formed by the 
pancreaiico-duodenal vein and left gastric vein. 
The pancreaiico-duodenal vein also gets 
a vein from the last part of the small intes¬ 
tine and the right gastric vein. The mesenteric 
veins are included under this system. 

Lymphatic system 

The lymphatic system is well-developed 
and elaborated. Numerous lacteal vessels 
emerged from the small intestine. These 
vessels unite to form paired thoracic ducts. 
These ducts eventually open into the pre- 
caval veins. 

NERVOUS SYST EM 

The nervous system of pigeon is divisible 
into (1) Central Nervous System, (2J Peri¬ 
pheral Nervous System and (3) Autono¬ 
mous Nervous System. 

Central Nervous System. The central 
nervous system includes the brain and the 
spinal cord. 


Brain. The brain of pigeon is peculiar 
for its short and rounded form. It is built, 
upon the same structural plan as that of 
other vertebrates. The brain is covered by 
two meninges, an inner pia mater and an 
outer dura mater. The olfactory lobes are poor¬ 
ly developed and form the most anterior 
part of the brain (Fig. 8.I9A). The cerebral 
hemispheres are large, situated just posterior 
and dorsal to the olfactory lobes. The 
cerebral hemispheres consist largely of 
corpora striata (Fig. 8.19D). The corpora 
striata are composed of solid mass of tissue 
and control the reflex behaviours of the 
animal. Each corpus striatum is diff¬ 
erentiated into three regions the upper 
portion is called the hypers trial urn, the late¬ 
ral region as the mesoslriatum and the lower 
part as the pa/aeoslrialum. The roof of each 
cerebral hemisphere iscalied the neopallium . 
The ncopallium is unconvoluted. The cere¬ 
bral hemispheres become expanded pos¬ 
teriorly to meet the cerebellum. 

The diencephalon is inconspicuous and 
remains completely covered by the cere¬ 
bral hemispheres and cerebellum. From 
the hypothalamus , a hypophysis arises. Oil the fc 
roof of the diencephalon, a small pineal 
body projects between the cerebral hemis¬ 
pheres anil cerebellum. 

T he optic lobes are large, in size and 
spherical in shape. T hey are pushed to the 
lateral side due. to the backward growth of 
the cerebral hemispheres. The optic nerves 
are prominent and form optic chiasrrm (Fig. 
8. l9Bi situated ventral to the midbrain. 
A major portion of the optic: nerves passes 
into the thalamus and the rest to the mid- 
brain. The midbrain as well asthethalami 
have reciprocal connections with the cor¬ 
pus striata of the cerebral hemispheres. 

The cerebellum is highly developed and 
consists of a large central vermis and two 
small lateral lobes, the flocculi. Transverse 
grooves are present on the surface of the 
vermis. The over development of cere¬ 
bellum is possibly connected with the con¬ 
trol of movement and the precise timing 
during flight. Like that of other verte¬ 
brates, pigeon possesses both spino-cere- 
bellar and vestibulo-ccrebellar nerve 
tracts. In addition to .these Lwo tracts, 
tecto-cerehellar and strio-cerebellar tracts 
arc present. The cerebellum is solid, be¬ 
cause the fourth vcmHr.le does not extend 
into it. The medulla oblongata has a promi¬ 
nent ventral fissure. 
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ventricle. The fourth ventricle is a small 
cavity between the cerebellum and medul¬ 
la oblongata. 

Spinal cord. The spinal cord is covered 
by pia mater and dura mater like the brain. 
Along its length, the spinal cord is enlarg¬ 
ed in the cervical and lumbosacral regions. 
Each such enlargement gives origin to a 
pair of plexi which in turn send nerves to 
the limbs. In the region of the lumbo¬ 
sacral enlargement, the cavity becomes ex¬ 
panded to form a diamond-shaped cavity 
called the sinus rhomboidalis . This cavity is 
filled with a fatty substance. 

Peripheral Nervous System. The 
cranial and spinal nerves constitute the 
peripheral nervous system. This system is 
essentially same as in Calotes (vide pages 
254 and 255) already described. There are 
12 pairs of cranial nerves emerge out of the 
brain. Fig. 8.20 shows the origin and dis- 

ophthalmic 



Fig. 8.20. Showing the origin and distribution 
oi’ the fifth and seventh cranial nerves o i'Columba. 
The branches are drawn apart. 


tribution of the trigeminal (V) and facial 
(VII) cranial nerves. The trigeminal ori¬ 
ginates by many roots from the lateral part 
of medulla oblongata ventral to the optic 
lobes. It has three branches: ophthalmic, 
maxillary and mandibular. The trigeminal 
nerve passes through the orbital fissure. 
The facial nerve, alter arising from the 
lateral surface of medulla but posterior to 
trigeminal sends nerves to the pharynx 
and muscles of mastication. Fig. 8.21 te- 
presents the origin and distribution of 
glossopharyngeal (IX) and vagus (X) 
nerves. The glossopharyngeal originates 
superficially from the lateral surface of the 
medulla posterior to the auditory nerve 


and comes out* of the cranium through a 
small foramen between ear and hypoglossal 
foramen. It sends branches to palate, 
pharynx, larynx and taste-buds on the 



tongue. The vagus nerve originates from 
the lateral side of the medulla, posterior to 
glossopharyngeal. The main nave trunk 
runs posteriorly alpng. the neck region 
adjacent to jugular vein. Near the brachial 
plexus it sends branches to the oesophagus 
and crop. The main trunk sends branches 
to heart, lungs and abdominal viscera. The 
spinal accessory (XI) i£a motor nerve sup¬ 
plying nerves to the neck muscles. The 
hypoglossal (XII) nerve arises from the 
ventral surface of the medulla posterior to 
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abducens nerve and passes through the 
hypoglossal foramen just lateral to the 
occipital condyle. If sends branches to the 
neck and tongue muscles. 

Spinal -nerves. There arc thirty eight 
pairs of spinal nerves in pigeon. These 
nerves are named according to the zones 
of the vertebral column from which they 
arise. They arc: cervical thoracic , lumbo¬ 
sacral and caudal nerves . The number of the 
spinal nerves in each region are: Cervical 
“twelve pairs, thoracic— eight pairs, lum¬ 
bosacral--twelve pairs and caudal--six 
pairs. 

On each side, first nine cervical nerves 
serve the neck musculature, while the last 
three cervical together with first two tho¬ 
racic nerves form the brachial plexus. This 
plexus gives rise to (1) Brachialis superior to 
the wing and (2) Brachialis inferior to the 
pectoral muscles, membrane between ra¬ 
dius and ulna and posterior border of ulna. 
Third to seventh thoracic nerves innervate 
the body and spinal muscles. The eighth 
thoracic nerve and the first lumbosacral 
nerve form the lumbosacral plexus. It 
gives branches to the muscles of the hip 
and hindlirnbs. The last three lumbo¬ 
sacral nerves and the six caudal nerves 
serve the tail muscles. 

Autonomous Nervous System. It in¬ 
cludes the sympathetic cords , one passes over 
the ventral surface of the ribs and the other 
passes dorsal to each rib. In between the 
ribs these two cords become fused. The 


nerves from the sympathetic cords between 
the third and fourth, fourth and fifth, fifth 
and sixth thoracic nerves together with 
a branch from the sympathetic ganglion 
join to form the coeliac plexus . Two small 
autonomic nerve trunks run posteriorly to 
the cloaca and adjoining viscera. The vagus 
belongs functionally to the sympathetic 
nervous system. 

SENSE ORGANS_ 

Pigeon possesses well-developed special 
sense organs to receive external stimuli. 

Olfactory organs. These paired organs 
arc present near the base of the upper beak. 
Each olfactory chamber is covered exter¬ 
nally by ectoethmoid which is drawn into 
three spiral processes called the turbi- 
nals to increase the surface area of the 
mucous membrane. The olfactory cham¬ 
bers are separated by mesethmoid. Each 
chamber is divisible into an anterior non- 
sensory part called the vestibule and a pos¬ 
terior sensory part. The vestibule has many 
layered epithelial lining but the posterior 
part is lined by only one layered epithelium 
with innervations from olfactory nerves. 
The power of smell is very poor. 

Eyes. The eyes are well-developed and 
built on the typical vertebrate plan. They 
are extremely large in size. The shape of 
the eye-ball is not spherical but lias the 
form of a biconvex lens. The lens and 
cornea ‘bulge forwards and the shape is 
maintained by a ring of bony sclerotic plates 
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Fig. 8.22. Sense organs of Columba . A. Sectional view of eye. B. Structure of pccten. C. 

Membranous labyrinth. 
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present in the sclera (Fig. 8.22A). The 
sclera is a tough, white fibrous outer layer 
of the eyeball. The anterior transparent 
continuation of the sclera is called the 
cornea . The choroid is the black pigmented 
layer situated just internal to the sclera. 
The iris is the pigmented partition pierced 
by the pupil at the centre. It separates the 
anterior and posterior chambers of the eye. 
The iris is the anterior, continuation of the 
choroid and composed of striated muscles. 
The posterior chamber is bordered ante¬ 
riorly by the iris and is filled with vitreous 
humour while the anterior chamber bor¬ 
dered anteriorly by the cornea and poste¬ 
riorly by the lens. The chamber js filled 
with aqueous humour. The vitreous body is a 
jelly-like mass and the aqueous humour is 
watery. The lens is a soft elliptical body 
which remains suspended from the ciliary 
body by ligaments. Accommodation is 
effected by changing its shape by the pres¬ 
sure exerted upon it by the ciliary muscles 
behind. The ciliary body is the enlargement 
of the choroid containing striated muscle 
which controls the lens. T he ciliary muscle 
is divided into anterior (Crompton) and 
posterior (Brucke) portions. The Brucke’s 
muscle draws the lens forward into the an¬ 
terior chamber and the Cromptons muscle is 
so oriented as to pull on the cornea. By its 
action, the radius is shortened and assists in 
accommodation. The retina is a light 
coloured tissue internal to the choroid. It is 
composed of cones and rods. The retina con¬ 
tains a depressed area called the fovea 
which is the region of acute vision in 
bright light. The blind spot is the point of 
exi t, of the optic nerve front the retina. Pro¬ 
jecting into the vitreous body from the 
blind spot, a characteristic structure called 
the pecten is present (Fig. 8.22B). The 
pectcn is highly variable in size and 
shape in different birds. In pigeon it is 
composed of a thin dark pigmented plate. 
'Phis plate is folded fan wise and assumes the 
form of a comb. It is a made up of a vas¬ 
cular network supported by pigmented 
glial cells. The pecten is an enigmatic 
organ in avian eye arid its physiological 
role is not yet ascertained. This structure is 
claimed* to perform a number of functions 
in the life of pigeon. The functions are: 
(1) As the pecten is an erectile structure, it 
is possible that irregular shadow cast by 
this organ provides many blind spots on 
the retina. This action enhances the on- 
and-off effects in the visual field and thus 


increases the acpity of visual perceptions. 
(2) The pecten is a highly vascular struc¬ 
ture and provides nutrient substances to 
the vitreous body and retina. (3) The pecten 
protects the retina from strong light and 
also (4) serves to warm the eye. It has long 
been claimed that pecten is in some way 
concerned with the process of accommo¬ 
dation, it is not likely that the pecten ac¬ 
tually helps in the process. The accommo¬ 
dation is actually done by the ad ion of the. 
ciliary bodies. 

There are glands associated with the* 
eyes. The lacrymal gland is situated at the 
ventral margin of the orbit. The Harderian 
gland is located on the anterodorsal surface 
of each eye. 'Flic movement of each eye ball 
is controlled by superior oblique , stipend 
rectus , internal reaus , inferior oblique , external 
rectus , inferior rectus , quadratus and pyramidalis 
muscles. The upper and lower eye-lids are 
present. The third eye-lid, nictitating mem¬ 
brane is prominent. 

Ear. The ear contains three usual divi¬ 
sionsthe external, middle and internal 
car. The external ear is represented by a 
tightly stretched circular skin called the 
tympanic membrane, li remains hidden 
by feathers and the external auditory meatus 
is found by probing just posterior to the 
angle of the jaw. The middle ear is tubular 
and its cavity is connected with the 
pharynx through an euslachian tube which 
equalises the air pressure on the’ two sides 
of the tympanum. Within the middle ear 
cavity there is a rod-like columella with its 
process called the exlracotumella which con¬ 
veys the sound waves to the internal ear. 
The internal ear contains a small mem¬ 
branous labyrinth which is enclosed within a 
bony labyrinth. The loot plate of the colu¬ 
mella fits into the fenestra ovalis. Both the 
vestibular as well as auditory parts of the 
internal ear are well-developed. The vesti¬ 
bular part is peculiar by having connec¬ 
tions with the cerebellum which suggests 
its importance in llight. The anterior semi¬ 
circular canal is the largest of the three 
canals. The auditory part: is greatly deve¬ 
loped. There is a distinct cochlea which 
encloses a basilar membrane . This membrane 
contains many fibres bearing hair cells. 
Another aggregation of hair cells together 
with calcareous particles is present at the 
apical end of the cochlea. The cochlea 
bears an extended lagena which is respon¬ 
sible for receiving the low pith sounds (Fig. 
8.22C). 
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Miscellaneous Sense Organs 

Besides the three pairs of special sense 
organs, there are many other receptors for 
external stimuli. The Grand/s corpuscles pre¬ 
sent in the skin of the beak are touch re¬ 
ceptors. The HerbsCs corpuscles present in 
the dermis are numerous and are vibra¬ 
tion and heat receptors. Chcmoreceptors 
for smell are little developed. There are 
few taste-buds on the tongue. 

E NDOCRINE SYSTEM 

The endocrine system is well-developed 
in pigeon. Following are the endocrine 
organs belong to the endocrine system. 

Thyroid gland. 

These paired glands are present one on 
each side of the trachea near the junction 
of neck and trunk. The thyroid hormone, 
thyroxin regulates the general metabolism 
and the periodic moulting of pigeon. The 
functioning of thyroid glands is controlled 
by the thyroid stimulating hormone of the 
anterior pituitary. 

Parathyroid glands 

These paired glands are present near the 
close vicinity of thyroids. These are small 
in size and control the calcium and phos¬ 
phate metabolism of the body. 

Thymus glands 

These paired glands arc present on the 
sides of the throat. They are well-develop¬ 
ed and elongated in young stage. They be¬ 
come greatly reduced in matured adult. 
The physiological function of these glands 
is not properly ascertained. It is believed 
to be associated with the growth of the 
animal. 

Adrenal or suprarenal glands 

These paired glands are prominent 
yellowish bodies, situated anterior to the 
. kidneys. Eac h gland is irregular in shape 
and is composed of chromaffin tissue inter¬ 
mingled with fatty tissue. The secretion of 
the adrenal gland, adrenalin controls the 
vital functions of the animal. 

Pituitary gland 

This highly specialised gland remains 
within a skeletal cage formed- by the sphe¬ 
noid bone. This inner skeletal cage is called 
the sella turcica. *The*pituilary gland possess¬ 
es two major divisions(i) adenohypophysis 


(originates from the roof of the embryonic i 
mouth cavity) and neurohypophysis (arises 
from the floor of diencephalon). The ade¬ 
nohypophysis is subdivided into three 
parts— pars distalis, pars tuberalis and pars 
intermedia . The neurohypophysis has two 
subdivisions— lobus nervosus and infundi¬ 
bulum. The pars distalis represents the an¬ 
terior pituitary and the pars intermedia 
and lobus nervosus constitute the posterior 
pituitary. The pars tuberalis together with 
infundibulum constitute the stalk of pitui¬ 
tary gland. The bipartite lobes of the an¬ 
terior pituitary secrete different hormones 
like gonadotrophins, adrenocorticotrophin, 
thyrot^ophin, prolactin, etc. Various ex¬ 
ternal stimuli influence the secretoiy acti¬ 
vities of the anterior pituitary. 

Islets of Langerhans 

The pancreas contains endocrine islets 
of Langerhans. These islets discharge insulin 
into the blood stream. 

Gonads 

The gonads, besides their normal func¬ 
tion of producing gametes, secrete sex 
hormones. The testes secrete testosterone 
and the ovary produces the oestrogen . The 
testosterone is secreted by the interstitial 
or Leydig cells of testis and controls the 
growth of sex organ and secondary sexual 
characters. The oestrogen regulates the 
secondary sexual characters and the be¬ 
haviour of the bird. 

EXCRETORY SYSTEM 

The excretory system comprises of a 
pair of kidneys and a pair of ureters open¬ 
ing into the cloaca. Absence of urinary 
bladder is a notable feature in the anatomy 
of pigeon. 

Each kidney is a flattened body which is 
divided into three lobes. These kidneys are 
of metanephric type and remain closely 
fitted into the dorsal wall of the pelvis. The 
nephrons are highly specialised. The glo¬ 
meruli are supplied by renal artery and the 
loop of Henle is quite extensive. This loop 
helps to reabsorb water from the glome¬ 
rular filtrate. The urine contains little 
quantity of water with high concentration 
of uric acid precipitate. 

Each ureter originates from the first and 
second lobes of the kidney and passes 
down to open into the middle chamber 
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(urodaeiim) of the cloaca. The urine is 
voided with the faeces. 

REPRODUCTIVE SYSTEM 

The sexes are separate. Sexual dimor¬ 
phism is absent in pigeon. 

Male reproductive system 

The male reproductive system includes 
two testes and two vasadeferentia (Fig. 8.23B). 
Each testis is an ovoid body which is attach¬ 
ed to the anteroventrai end of the kidney 
by a fold of peritoneum called the tncsor- 
chium. The size of the testes varies greatly 


duct (Fig. 8.23AJ. The right ovary and ovi¬ 
duct are atrophied in adult. The left ovary 
is large and contains eggs of various sizes. 
The ovary is suspended to the dorsal body 
wall by a short mesentery called the 
mesovarium. T he left oviduct is long and is 
attached with the dorsal body wall by 
broad ligament or mesotubarium. The anterior 
end of the oviduct opens to the coelom by 
an expanded funnel-like opening called 
the omducal funnel or ostium. The remaining 
part of the oviduct is thick, muscular and 
coiled. Various glands are present in the 
inner lining of the oviduct. When an ovum 
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Fig. ft .23. Urinogenital system of Columba A. Female. It. Male. 
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according to the season. The testes are 
composed of numerous coiled seminiferous 
tubules . Between the tubules, groups of 
Leydig cells are present. 

From the inner side of each testis origi¬ 
nates a much coiled duct called the vas 
deferens. Each vas deferens runs poster¬ 
iorly parallel with the ureter and opens 
into the urodaeum at the tip of a small 
papilla. These papillae are slighdy erectile 
and constitute the miniature copulatory 
organs of many birds. The last part of the 
vas deferens becomes slightly swollen to 
form seminal vesicle. Typical copulatory or¬ 
gans, observed in other vertebrates, arc 
absent in pigeon. 

Female reproductive system 

The female reproductive system is pecu¬ 
liar by having only left ovary and left ovi- 


is matured, the ovarian follicle bursts to 
liberate the ovum. The ovum enters into 
the cavity of the oviduct through the 
oviducal funnel. While passing down the 
oviduct, the ovum (fertilized or unfertiliz¬ 
ed) is invested by the secretion of the 
various glands. The left oviduct opens into 
the urodaeum. A small vestigial right ovi¬ 
duct is found on the right side of the uro¬ 
daeum. 

Insemination and egg laying. Fertiliza¬ 
tion is internal. Insemination is done when 
ihe proctodaea of both the sexes are evert¬ 
ed and brought close together in a state of 
“cloacal-kiss 5 . During this act, the sperms 
are ejected into the female tract which 
travel up to fertilize the egg. Two eggs are 
generally laid at one time in pigeon. These 
eggs are incubated by *the parents for a 
fortnight at a temperature of 38° to 40°C. 



314 


BIOLOGY OB ANIMALS 


When the development, is completed, 
young bird breaks the shell and comes out 
of the egg. The young is nourished by the 
parents with the pigeon’s inilk. 

Structure of egg. The egg is large due to 
the accumulation of great quantity of yolk 
material. The protoplasm forms a small 
round area called the germinal disc (blasto- 
disc) containing the ovum. As it passes 
down the oviduct, a coat of thick albumen is 
accumulated and the disc becomes pushed 
to the upper side. As the egg rolls during 
its transit, the albumen becomes coiled 
at the two sides to form twisted cord—the 
chalaza. In addition, more fluid albumen 
is deposited. Then a lough shell membrane 
and a calcareous shell are added by the secre¬ 
tory activities of the glands present in the 
oviduct. The shell membrane is parch¬ 
ment-like and composed of two layers 
which enclose an air-space at the broad 
end of the egg. (Fig. 8.24). The shell is 



Fig. 8.24. Structure of egg of Columba. 


usually white in colour which may be 
coloured due to the deposition o'' special 
pigments. The shell consists of three layers 
and is provided with vertical pore canals. 

F LIGHT MODIFICATIONS IN PIGEON 

. Pigeon is a typical representative of Hy¬ 
ing birds. This animal exhibits peculiar 
anatomical modifications for leading a life 
in air. It shows actually double adapta¬ 
tions—aerial and cursorial and/or scan- 
sorial. As a consequence, the forelimbs have 
converted .into the wings and the hind- 
limbs have virtually retained the rep¬ 
tilian plan and have undergone less modi¬ 
fication. 

To fly in air, a heavier-than-air orga¬ 
nism must possess the following unavoid¬ 
able prerequisites, without which the 


volant life becomes impossible. The pre¬ 
requisites are: (l) Organs for flight, 
(2) Lightness and rigidity, (3) Evolution of 
extra energy with provision for high power, 
(4) Speed and (5) Balancing and control. 
Let us now consider the ways how pigeon 
has modified itself to lead a perfect life in 
air. 

Organs for flightJTThe forelirnbs have 
transformed into the wings. The wings are 
the sole organs for flight. These organs 
have complicated structural constructions 
consisting of a frame work of bones, mus¬ 
cles, nerves, blood vessels, feathers, etc. 
The humerus is a strong long bone with a 
prominent ridge for the insertion of the 
flight muscles. The radius is a nearly 
straight and slender bone. The ulna is 
stouter and slightly curved. Only three 
digits are present. There is no trace of 
fourth and fifth digits jfThe small bones of 
the waist, hand and fingers have become, 
highly modified both by the loss of bony 
units and by the fusion of the remaining 
pieces into strong bony complexes. Such a 
fusion reduces the chance of dislocation 
and mechanical friction during action. 

^Thc wings spring from the anterior re¬ 
gion of the trunk. During rest the wings 
remain folded against the sides of the body. 
During flight the wings become expanded. 
The surface area of the wings is increased 
by the development of feathers. 'The pata- 
gia are vestigial.) A fold of skin stretches 
between the upper arm and the fore arm 
which is called the alar membrane or prepata- 
gium. A similar but smaller fold extends 
between the trunk and the proximal por¬ 
tion of the upper arm. (There are twenty 
three remiges in pigeon, of which eleven 
are primaries and twelve are secondaries^ 
The interstices between the quills of the 
remiges are closed by several rows of co¬ 
verts to make the wing a continuous area 
to oppose the buoyancy of air. (The lower 
surface of the wings is concave while the 
dorsal side is convex. This makes the down- 
stroke of the wings more powerful) 

(The action of the wings is controlled by 
the flight muscles,JThe muscle fibres com¬ 
posing the muscle's are long and striated 
to withstand fatigueness after prolonged 
activity.rThe important flight muscles are 
(1) Pec totalis major . The powerful down- 
stroke of the wing is caused by this immense 
muscle. (2) Pectoralis minor . The elevation 
of the wing is caused by this muscle. (3) 
Coracobrackialis muscles . These small musdes 
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aid in depressing the wing. (4) Tensores 
paiagialis muscles help to keep the patagia 
tensely stretched when the wings are ex¬ 
tended. The flight muscles are highly vas- 
cularised structures. The subclavian artery 
is very stout and divides into two branches: 
a pectoral artery to supply the flight mus¬ 
cle and an axillary artery to the wing^N 

Lightness and rigidity. (The skdctal 
framework of pigeon is very stout. It has 
attained mechanical perfection by using 
all possible architectural principles to get 
maximum strength and rigidity. Many 
bones are either rod-like or ‘T-like. The 
sternum is a typical T’-like bone. Besides 
the typical long bones, the coracoid is a 
stout rod-like bone to withstand the pressure 
of the flight muscles. The long bones are 
pneumatic (Fig. 8.25) and provided with 
a secondary plastering to make them rigid. 


air spaces 



Fig. 8.25. Showing the pneumatism in ihc 
metacarpal of a hying bird. 

The skull bones are paper-like thin. These 
bones arc firmly fused with each other. The 
posterior portion of the skull is spongy. 
Development of air sacs causes the body 
light, because these sacs contain warm air 
to lighten the specific gravity of body. 
Although the vertebral column is well 
differentiated, the vertebrae (particularly 
towards the posterior region) show the 
tendency of fusion. The synsacrum and 
pygostyle are typical examples of such 
fusion of posterior vertebrae. Absence of 
gall bladder, urinary bladder, right ovary 
and oviduct (in female) minimise the body 
weight to some extent/) / 

Extra energy and powerfThe secret 
of obtaining great and sustainctt"po\ver lies 
in the ability to convert chemical energy 
into mechanical mot ; on. This is done 
through rapid and complete combustion of 
fuel. Inr living organism this energy is 
liberated by the respiratory system. The 
lungs are proportionately smaller, but the 
efficiency is increased by the development 
of air-sacs that are developed from the 
lungs. The exchange of gases is very per¬ 
fect in birds and the air-sacs help to convey 


oxygen directly to many tissues. The body 
temperature is higher which enhances the 
rate of combusion. The nonconducting 
coat of feathers prevents the surface loss of 
heat. Crude power in the form of stored 
food grains is stored in the crop. The cir¬ 
culatory system as a whole is very efficient 
with a large and powerful heart. 

Attainment of speed. Speed is a must 
for aerial life. The body is fusiform and 
lacks any extra projection which may 
offer resistance in the attainment of speed 
in air. Insertion of air-sacs in between the 
flight muscles like pads reduces mechanical 
friction and increases the mobility in mus¬ 
cular action. 

Maintenance of balance and steer¬ 
ing: An efficient equilibrating device is 
necessary for balanced flight. To equalise 
irregularities of air pressure on the two 
wings, pigeon can decrease the surface 
area of the wing by partially flexing. The 
air-sacs are so arranged on the two sides 
of the body, a proper centre of gravity is 
easily restored by shifting the contained 
air from one side of the body to the other. 
Most of the heavier visceral organs arc 
lodged in the pelvis to maintain a proper 
centre of gravity. The tail is provided with 
rectriccs and acts as steering during flight. 
The brain is w'ell developed with a special 
development of cerebellum. The optic 
lobes are well-formed. The organs for 
vision art' highly specialised to have acute 
power of vision. To have a w ide visual field, 
the head can be rotated through an angle 
of 180° due to the possession of heterocoe- 
lous neck vertebrae. The jugular veins are 
long with an anterior jugular anastomosis. 

SOME INTERESTING BIRDS 

The class Aves is represented by about 8,650 
species of living birds. In India about 1,200 species 
of birds have been recorded today. The variety of 
climatic conditions and ecological habitats in India 
has resulted in the occurrence of such a high num¬ 
ber and diversity of forms for a single country. 
Some common Indian birds are noted below: 

whitebacked vulture {Gyps bengalensis). This 
species (l'ig. 8.26A) of vulture is commonly found 
in all parts of India. It has aii ugly and repulsive 
appearance. This species lives either singly or iu 
groups. They devour carcases and are beneficial to 
man. 

spotted owlet (Athene brama). This species of 
owl (Fig. 8.26B) is. the most familiar bird in this 
country. It lives mainly on insects, lizards, small 
birds and small rodents. The digits of the hindlimbs 
and the beak become modified, for the purpose of 
catching the prey. Owl is a nocturnal bird, i.e., it 
spends die daytime hidden in secluded leafy bran- 
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ches or tree-holes and becomes very active during 
the night. By nature these birds are noisy and pro¬ 
duce chattering, chuckling and squabbling notes 
specially heard during dusk. Owls prefer to Jive in 


the plains and foothills near human habitation. 
The head is large and spherical with forwardly 
directed conspicuous eyes. The car opening is large 
with dap-like cover resembling mammalian pinna. 



Fig. 8.2(i. Some interesting birds. A. Whitebacked vulture. B. Spotted owlet. C. Sarus crane. 
D. Malabar Pied Hnrnhill. E. Pariah Kite. F. Bronzewinged Jacana. G. Common Peacock. 

H. Grey Pelican. I. Jungle Bush Quail. * 
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sakxjs crane (Grtu antigone). This bird is the 
largest crane (Fig. 8.26C) inhabiting essentially the 
well-watered open plains of India. They are omni¬ 
vorous, i.e., cat vegetable matters, insects, snails, 
amphibians, fishes, etc. This species is notable for 
exhibiting extravagant courtship displays during 
breeding season. 

malabar pied hornbill [Anthracaceros coronatm). 
This is a popular hornbill called as the Dhanesh. It 
is basically a fruit-eater and found in fruit-laden 
trees of South and Central India, parts of Orissa, 
Bihar and Uttar Pradesh. Dhanesh is a heavy- 
- billed arboreal bird (Fig. 8.26D). 

pariah kite (Milvus migrans). This bird is com¬ 
monly called the CM. It is found perched on tree- 
tops, roof-top or By in air. It possesses a forked tail 
(Fig. 8.26E) and is coloured brown. It is also a 
scavenger and usually eats small dead animals. 

bronzfavingei) jacana (MetopiJius intHciu), This 
is a common Indian waterbird inhabiting tanks and 


jhecls. The toes are extremely elongated to ski over 
the floating leaves (Fi'g. 8.2GF). It is a poor flyer 
and lives on small aquatic weeds, fishes and 
molluscs. 

common peacock (Pavo cristotus). This bird has a 
gracefully coloured appearance and commonly 
named as Mnvur. Para crhiatus has given the status 
of our national bird. It lives in dense jungle having 
streams and rivers. The dance of nude Peacock with 
its expanded train like a fan is really delightful. 
Phis fan is formed by the elongated feathers overly¬ 
ing the tail (Fig. 8.26G). It cats mainly the grains 
and vegetables. It also takes insects and small 
reptiles. 

(•KEY OK SPOTI'hODll 1 10 PELICAN (PekiWJUS philips 
pensis ). This bird »s characterised hy having a large 
beak with an elastic skin pouch which acts as a net 
for capturing the fishes. Pelican lives on coastal 
lagoons and lakes. It is a fish-rating bird of large 
size i,Fig. 8.2611). 



Fig. 8.27. Some interesting birds (contd.). A. Little Blue Kingfisher. B. Baya with a hanging nest. 
C. Openbilled Stork. D. Barheaded Goose. E. Grey Heron. F. Flamingo. G. Spoonbill. 



318 


BIOLOGY OF ANIMALS 


jungle bush quail ( Perdicula asiatica). This 
bird (Fig. 8.261) lives usually' in dry open forest of 
India. They live on grains and tender shoots. They 
live in groups of five to twenty. 

LITTLE BLUE KINGFISHER (Alr.edo atthis). This little 
bird (Tig. 8.27A) is found near the tanks, streams, 
lakes and the seashore and prey upon aquatic in¬ 
sects, tadpoles and small fishes. 'They produce 
characteristic sound during flight. 

COMMON WEAVER BIRD OR BAYA (PloCCUS philift - 
funus). 'This weaver bird resembles closely the 
sparrow and live in flocks. They cause damage to 
cereal crops. These birds are well-known for their 
nicely woven bottle-shaped nests (Tig. 8.27B). The 
nests arc seen hanging usually from date palms or 
any other trees situated usually over the water. 

OPKNHU.I.KD stork ( Anastomus oscitans). This bird 
is characterised by haying a peculiar beak (Fig. 
8.27C) which is modified to extract the body of 
large snails from this shell. They have a wide distri¬ 
bution all over the country. 

bar headed ooosk (Auser indicus) . This goose 
(Fig. 8.271)) has a great migratory power. During 
the winter months, these birds come down specially 
to northern India from Tibet. They live near marshy 
lands round canals and jhoels. 

<;rey heron ( Ardea rinerea). This bird is com¬ 
monly called the Aryan and is Found standing 
motionless in shallow water. It has a large size and 
catches the prey with its elongated beak (Fig. 
8.27K). It has a highly mobile and long neck. It 
lakes fishes and frogs as the food. 

flamingo (Phoenicofilerus vastus). This bird is 
usually found in flocks wondering in shallow jheels. 
It is beautifully coloured. 'The legs are extremely 
elongated (Tig. 8.27F). It livers on crustaceans, 
molluscs and tender vegetables which are collected 
by the beak modified for this purpose. During rest 
it usually remains standing on one leg and the head 
is kept fucked under the leathers of the posterior 
part of the body. The neck is excessively long which 
is highly mobile and coiled. The mandibles are 
curved forming box-like structure with serrated 
margins. 

spoonbill UHatalea leuanodiii 1. 'This bird is snow- 
white in colour and is characterised by having a 
peculiar spoon-like beak (Fig. 8.27G) for catching 
prey. 11 lives in jheels and banks of the river. They 
usually remain in flocks of 10 to 20 individuals. 
They have a peculiar flying posture with die neck 
and head outstretched. 


CLASSIFICATION 

Nearly nine thousand species of birds 
present dose similarity due to aerial mode 
of life. Such similarity in one hand and 
absence of adequate fossil forms in the 
other, have made the classification of birds, 
a difficult task. The present day classifica¬ 
tion is based mostly oil anatomical features, 
though some extinct forms are considered 
to establish phylogenetic relationship. The 
entire class is subdivided into two sub¬ 
classes—Archaeornithes and Neornithcs. 


The details of classification in outline and^ 
with characters are given below: 

CLASSIFICATION IN OUTLINE 
Class Aves 

Subclass Archaeornithes 

1. Order Arckaeopterygiformes, e.g., 
Archaeopteryx. 

Subclass Neomithes 

Superordcr odontognathae 

1. Order Hesperornithiformes, e.g., 

Hesperornis. 

2. Order Icthyornithiformes, e.g., 

Icthyornis. 

Superorder palakognati-iae 

1. Order Strulhioniformes, e.g., 

Ostrich ( Struthio ) 

2. Order Rheiformes, e.g., Rhea (Rhea) 

3. Order Casuariformes , e.g., Emu 

(. Dromaeus ), Cassowary ( Casuarius ). 

4. Order Apterygiformes, e.g., Kiwi 

(Apteryx).' 

!>. Order Dinornilhijmnes , e.g., 

Moa ( Dinarnis ). 

6. Order Aepyornitkiformes , e.g., 

E1 ephan t - bi rd (A epyornis ). 

7. Order Tinamiformes, e.g.. 

Tinamus ( Eudromia ). 

Superorder impennae 
1. Order Sphenisciforms, e.g.,,Penguin 
- (Aptenodytes, Spheniscus). 

Superorder neognatiiak 

1. Order Gaviiformes, e.g., Divers 

(Gavia ). 

2. Order Podicipiliformes , e.g., Grebes 

( Podiceps, Podilymbus ). 

3. Order Procellariiformes, e.g., Albatross 

( Diomedea ), Shearwater (Puffinns), 
Petrels (Pelccanoides ). 

4. Order Pelecaniformes , e.g., Tropic bird 

(Phaethon), Pelicans (Pelec anus), Gan- 
net (Morus), Booby ( Sula ), Cormo¬ 
rant (Phalacrocorax ), Anhinga (An- 
hinga ), Frigate birds (Fregata). 

5. Order Ciconiiformes , e.g., Pond-Herons 

(. Ardeola ), Egrets ( Egrelts ), Clattle- 
eagret (Bubuleus), Bitterns ( Bot - 
aurus ), Boatbill (Cochlearius), Shoe- 
bill (Balaeniceps ), Hammer-head 
(Scopus), Stork (Ibis, Anastomus ), 
Jabiru ( Jabim ), Adjutant Stork 
(Leptoptilos ), Spoonbills ( Platalea ), 
Black Ibis ( Pseudibis ), Flamingo 
(Phoenicopterus). 
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6. Order Anseriformes, e.g., Screamer 

(Anhima), Magfrie Goose (Arise- 
rdfias ), Whistling ducks (. Dendro- 
cygm ), Swan (Qgnitf). True geese 
(Anser, Branta), Dabbling ducks 
(Anas), Pochords (Ay thy a), Perch¬ 
ing ducks (Cairina), Eider ducks 
(Somateria), Diving ducks (Mergus) 
• Stiff tailed ducks (Oxyura). 

7. Order FalconiJ'ormes, e.g., New world 

vultures (Gymnogyps, Coragyps ), Old 
world vultures (Aegypius, Gyps , JVf«- 
phron), Kite (Mi bus , llaliastur), 
Bearded vulture (Gypaetus), Eagles 
(Aquila, Harpia), Serpent eagles 
( Circaetus ), Buzzards (Buleo) Marsh 
hawks (Circus), True hawks (/lm- 
piier). Ospray (Pandion), Falcons 
( Faieo ), Secretary birds ( SagUtarius ). 

8. Order Gal li formes , e.g., Megapodcs 

(Leipoa), Curassows (C/y/.v, Afitu), 
Grouse ( Lagopus), Black Patridge 
(Francolinus), Quail ( Cotuniix ), Bob- 
white (Colinus ), True Pheasants 
( Phasianus . Chrysolophus ), Fowls 
(Callus), Peafowl ( Pavo), Guinea 
fowl ( Acryllium , Numida ), 'Turkeys 
(A/i deagris ), 11 oatzi n ( Opisthocomus). 

9. Order Gruiformes, e.g., Meshes (A/r>- 

w/fly), Hcjnipodcs (Tumix, Orlyxelus ), 
PIains-wandt red ( Pcdionomus), Cra¬ 
nes (Gruy Anlhropoides ), Liinpkin 
Llra/wo), Trumpeters ( Psophia ), 
Rails (Railus), Purple Moorhen 
( Porphyrin ), Cool (Fulica), Sun-grebe 
( Podica ), Kagu (Rhynochetus), Sun- 
bittern (Eurypyga), Car i a mas i'CV//- 
iama), Bustard (O/iv, Choriotis). 

10. Order Char adriiformes, e.g., Lilly- 
trollers ( Jacana, Metopidius ), Paint¬ 
ed snipe (Rostralula ), Oyster catchers 
(Haetnalopus), Sand plover (Chara- 
drius ), Golden plover (Pluvialis), 
Lapwings f Vanellus), Woodcock 
( Philohela ). Common snipe (Galli- 
nago), Sand pipers (Cali dr is, Tringa ), 
Curlews (Numenius ), Phalaropes 
(Phalaropus ). Crab-plover (Dramas), 
Stone-curlew ( Burbinus ), Slonc- 
curlew (Burbinus), Pratinocole 
(Glareola), Courser ( Cursorius), 
Still: ( Himantopus , Cladorhyncus), 

Avocet. (Recurvirostra), Sheathbills 
( Chionis ), Skua (Catharacta), Jaeger 
(Stercorarius), Gull (Lams), Tern 
(Ghildonias), Skimmers ( Rynchops ), 


Auks ( Plqutus }, Guillemot (Uria), 
Puffin (Fratemila ). 

11. Order Diatrymifomes, e.g., Diatryrna . 

12. Order Columlnformes, e.g., Sandgrouse 

(P ter odes). Green pigeon ( Trcron ), 
Pigeon (Columba), Dove (Streplo- 
pelia). 

13. Order Psittaciformis , e.g., Parrot 

(Psittacus ), Macaw (/bw, Psilta- 
cuba), Cocatoo (haka toe ), Parakeet 
(Psittaenia), Budgerigar ( Afdopsitta- 
rw.v). 

14. Order Cuculiformes, e.g.. Cuckoo 

Koel (/'Wr/w/wL An is 
i Crotophaga), Road-runner ((kooc- 
<yx ). 

L“). Order Strigiformes, e.g.. Barn owl 
i/Jyto), Srmrh-ow) (Olus), Eagle 
owl (Bubo), Long-eared owl (/!.««), 
Pygmy owl (Clamidium i, Burrowing 
<>w 1 f Speolyto i, Wc>c>d-owl iSlrix), 
Snowy owl (.W/caL 

lb. Order Capritmdgiformes, e.g.. Oilbird 
( Stealornis ), Frogmoiitli ( Podargus ), 
Poloo (Ayctibius), Nightjars [Capri- 
mugus). 

1 7. Order Apodiformes pir Min opodiformes) % 
e.g, Swill iChaelura . J/w.tj, Swift- 
lets ( Collocalia ), Hum tiling birds 
(Archilochus). 

18. Order Colii/ormes , e.g., Mouse birds 

(Colins ). 

19. Order 1 wgotiiformes, e.g., Trogons... 

(liarpar. les ). 

20. Order Coraciiformes, e.g... Kingfishers 

* (/J/fo'/uBee-eaters (Alerops), Cuc¬ 

koo-roller, Roller (G/wivVo), Hoo¬ 
poes [Cpupa\, 1 loin bill (Buceros). 

21. Order Piciformes , e.g., PulT-bird (JVr>- 

iharcus i Barbels, Honey-guides (tn- 
diemor ). Toucans ( Ramphaslos ), 
W'ood peckers (Picus, Dendrocopos ). 

22. Order Passeriformes, e.g.. Broad bill 

( Calyptomena ), Oven birds (Puma- 
rius ), T’apaculos ( Telcdromas ), Pit- 
las (Pitta), Asitics ( Philepitla ). False 
sunbird (Neoclrapanis ), 'Tyrant Fly¬ 
catchers ( Muscivora), Kingbird 
( Tyrannus ), Sharpbills ( Oxyrunkus), 
Manakins (Chiroxiphia ), Umbrella 
bird (Cephaloptems), Bell _ bird 
(Chasmorhyncus), Lyre-bird (Menura), 
Scrub-bird (Atrichornis), Skylark 
(.4 landd ), Swallow ( Hirundo ), 
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Pipit ( Anthus ), Wagtail ( Motacille ), 
Cucoo-shrike ( Coracina ), Minivet 
(Pericrocotus), Bulbuls (Pycnonotus) , 
Fairy blue-birds ( Irena ), Shrive 
(Lanins), Bristle-head ( Pityriasis ), 
Vangashrike ( Euryceros ), Waxwing 
(Bombycilld) , Palmchat (Dulus) , 
Dippers (Cinclus), Wrens ( Tro¬ 
glodytes) , Mocking bird (Minus), 
Catbird (Dumetella), Thrasher (7o- 
xosloma) , Accentors (Prunella) , 
Babblers ( Alcippe ), Bald-crows 
(Picarthartes), Wren-tit ( Chamaed ), 
Old world fly catchers ( Muscicapa ), 
Goldcrest ( Regulus ), True Wrablers 
(Sylvia, Phylloscopus ), Tailor birds 
( Qrthotomus) , W ren-thrush ( £ele- 
donia ), Black-bird ( Turdus) , Ameri¬ 
can thrush (Hylocichla) , Nightingale 
(Luscinia), Blue-bird (Sialid), Tit 
(Parus), Tree-creeper ( Certhia ), 
Wall-creeper (Tichodmna), Nut¬ 
hatch (Sitta), Australian tree- 
creepers (Climacieris), Mower- 
peckers (Anaimos), Sun bird (Aetho- 
pyga) , Honey-eaters (Anthornis, 
j\Aoho), Greenfinch (Chtoris), Yellow 
^bunting (Emberiza) , Tanager 
(Piranga), Plush-capped finch 
(Catamblyrdyncus) , Swallow-tanager 
( Tersina) , Wood-warbkers (Miniotil - 
/a), American Finch ( Fringilla),' 
Crossbill (Loxia) , Starling (Slurnus), 
Talking Mynah ( Gracula ), Golden 
Oriole (Or/a/ws), Drongos (Chaelor- 
hyncus), Wattled crow (Cal leas), 
Huia ( Heleralochia ), Saddleback 
( Philestesnus )., Wood-swallow (Aria- 
mus), Bell-magpie (Gymnorhina), 
Piping crows (Strepcra), Butcher¬ 
bird (Gracticus), May pie (Pica), 
Nutcracker (Nucifraga), European 
jay (Garrulus), Blue jay (Gyanocitla), 

CLASSIFICATION WITH CHARAC- 
. TERS 

Subclass Archaeornlthes 

Order Archaeopterygiformes. The size was slightly 
larger than crow and had both primary and secon¬ 
dary feathers. The forelimbs were modified as wings. 
The carpals and metacarpals were free. The hand 
had three clawed digits. The tail was long and pro¬ 
vided with two lateral rows of feathers. The beak 
was well-developed. Thirteen pairs of conical teeth 
were present in the upper jaw and three pairs of 
similar teeth were present in the lower jaw. The 
skull had rounded cranium and a single occipital 
condyle. The zygoihatic arches were fairly develop¬ 
ed. The parietals were completely fused and inter¬ 


parietal foramen was absent. The interorbital sep¬ 
tum was slightly developed and the orbit was pro¬ 
vided with sclerotic ossicles. The quadrates were 
small. The mandible was a complex skeletal struc¬ 
ture. The vertebrae were amphicoelous. Thoracic 
ribs were without uncinate processes. Caudal verte¬ 
brae were 18-20 in number and gradually become 
pointed at the posterior end. The pygoslylc was 
absent. The abdominal ribs were present like Sphe- 
nodon. Flat sternum was devoid of keel. The pectoral 
girdle had rudimentary coracoid, distinct T-shapcd 
intcrclavicle and narrow curved scapula. The 
pelvic girdle had large plate-like ilium, having dis¬ 
tinct pre-and post-acetabular regions. The ischium 
had a thin foramen. The pubis was narrow', rod-like 
and backwardly directed. The synsacrum was ab¬ 
sent and the sacral region consisted of six vertebrae. 
Humerus was short and stout. The ulna was 
stronger than radius. The carpals and metacarpals 
were free excepting the 3rd metacarpal which was 
fused with carpal. The tibia and fibula were sepa¬ 
rate and were of equal length.Eachfootwasmadc up 
of tarsometatusus and four digits. Small and oppos¬ 
able hallux resembled that of modern birds. These 
fossil birds had a long slender and smooth cerebral 
hemisphere. The cerebellum was small and placed 
behind the midbrain. In spite of this reptilian fea¬ 
ture of braiiij it is assumed that these birds were 
warm blooded. 

The order includes two-sgenera of fossil birds, 
each having a single species, Archaeopteryx lithograp- 
thica and Acheornis siemensi. It is now assumed that 
both actually belong to the same genus and species 
and for this reason the name, Archeopteryx is proposed 
for both of them. 

Subclass Neomithes 

This subclass includes remaining fossil 
and living birds. In most of these birds, the 
short tail has a terminal pygostyle with 
semicircularly arranged feathers. In most 
members, the teeth are absent. The meta¬ 
carpals and carpals unite to form carpo- 
metacarpus. Usually the claws are not pre¬ 
sent in more than two digits. Wcll-devc- 
loped sternum bears a distinct keel or 
carina. The subclass includes four super¬ 
orders: Odontognathae, Palaeognathae, 
Impcnnac and Neognathae. 

SUPERORDER ODONTOGNATHAE 

It included fossil birds which during Cretaceous 
period flourished to explore the resources of the sea. 
All these birds were provided with teeth. The brain 
was more like modem birds than the reptiles. It 
includes two orders: Hesperornithiformes and Icthyorni- 
thiformes. 

Order Hesperornithiformes. All the members were 
flightless and adapted to aquatic life. The height 
was nearly three feet. The teeth were sharply point¬ 
ed and arranged in grooves. The premaxillae were 
without teeth. The quadrate was single and basi- 
ptcrygoid process was absent. Long neck was sup¬ 
ported by heterocoelous vertebrae. The keel was 
absent. The pectoral girdle was much reduced and 
clavicles were not united. The pelvic girdle bones 
were free posteriorly. They were absolutely flightless 
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birds. The forelimb was ^represented only by 
humerus. The strongly built hindlimbs were with 
laterally directed feet having webbed toes. The 
pygostyle was absent. The examples arc Hesperornis , 
Baptorw, Neogamnis. 

Order Icthyornithiformes. The height was nearly 
20 cm. The cervical vertebrae were amphicoelous. 
'Hie keel was present and the structure of shoulder 
girdle and forelimb resembled that of modern bird. 
The pygostyle was present. Examples: Ictkyornis , 
Apatornis. 


Fig. 8.28. Structure of feather of Casuarius. 

21 


SUPERORDER PALAEAGNATHAE 

All birds (excepting Tinamus ) are flight¬ 
less and are of large size. Feathers are with¬ 
out hooked barbules and the barbs are free 
(Fig. 8.28). Tail feathers are either absent 
or irregularly arranged around a short 
pygostyle. Sternum is like a raft and keel is 
absent fFig. 8.29). In the pectoral girdle. 



l ; ig. 8.211. Sternum and pectoral girdle 
Camillas. 


small coracoid and scapula arc fully fused. 
The coracoscapular angle constitutes near¬ 
ly two right angles and the acmeoracoid 
process is rudimentary or absent, being 
flightless, the wings may be reduced or 
vestigial or absent. In the skull, large basi- 
pterygoid processes originate front the 
basisphenoid. The palatines arc separated 
by a broad vomer and arc not in contact 
with the cranium. A single or incompletely 
divided cavity acts as the articulating sur¬ 
face for quadrate. The sutures between 
the skull bones arc secondarily retained. 
Erectile penis in male and clitoris in fe¬ 
male arc present. Extinct palaeognathae 
were larger in size than living forms. 'The 
superorder includes five living orders: 
Struthioniformes. Rheiformes , Casuarii formes, 
A piety gif or me s, Tinaniijomes and two extinct 
orders: Dinornithiformes and Aepyornithifor¬ 
mes. 

Order Struthioni formes. These birds are 
distributed in Africa and Arabia. The 
height is nearly 240 cm and weight is 345 
pounds. It is considered as the largest 
living bird. Feathers are- without after- 
shaft. Wings are small and usually kept 
folded during running, but may be ex¬ 
panded to work as a brake or steering. Two 
wing fingers are clawed, and used for 
defence. Tail feathers are replaced by long 
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tail coverts. Hindlimbs are strongly built 
and not covered by feathers. Only the 
3rd and 4th toes are present in the hind- 
limb. Neck is long and not covered by 
feathers. Head is small and flat. The two 
beaks are more or less round and enclose 
a broad space. Prominent eyes have 
lashes on the upper eyelid. The order 
includes a single species, Struthio camelo 
which is well adapted to live in desert 
condition. 

Order Rheiformes. These birds are found 
in South America. These running birds 
live in a group. Food varies from vegetable 
products to insects. The height of a male 
bird is about 165 cm. Neck is incomple¬ 
tely feathered. Each hindlimb has three 
clawed toes which are webbed at the base. 
During breeding season, the males select 
and seggregate with 3-7 females to form a 
harem. The nest is dug by the male and 
all the females lay eggs in the same nest. 
Nearly fifty eggs are laid in a season and the 
male incubates them. Freshly laid eggs are 
lemon yellow in colour and hatching re¬ 
quires forty days’ incubation. It includes 
two species — Rhea americana (South Ameri¬ 
can form) and Pleronemia permata (Darnius 
Rhea). 

Order Casuariiformes. The birds enjoy 
distribution at Australia, New Guinea and 
East India. The order includes two fami¬ 
lies- -Dromaiidae and Gasuariidae. The 
Dromaiidae includes common Emu ( Dro - 
maeus novae/iollandiae) . It attains the height 
of 180 cm. Neck has incomplete lining of 
feathers. Each hindlimb is provided with 
three toes of which the inner one is built 
up as a defensive structure. The coloura¬ 
tion in both the sexes is deep brown. All 
the feathers have aftershafts of equal length 
to the main quill. Emu is monogamous. 
The male digs the nest and sits over the 
first brood of eggs. The female sits over the 
second brood. Number of eggs may be 
4 fifteen or more and the eggs are green in 
colour. The incubation period is 60 days. 
The family Gasuariidae includes Casso¬ 
wary (Casuarius casuaritis ) which lives a soli¬ 
tary life in the dense tropical forests of 
Australia, New Guinea and East India. 
Several species of Cassowary are available 
and their height may be 135 cm. Feathers 
look like furs. Stiff and rod-like wing fea¬ 
thers hang over the side of the body. The 
head and neck,are? partly covered by fea¬ 
thers and have bright colouration. In some 


forms the neck bears identically coloured 
wattles. In all forms, the head has a horny m 
helmet to help in advancing through 
dense jungle. The hindlimbs are similarly 
built as in Emu. 

Order Apterygiformes. The members are 
distributed in New Zealand. The size is 
like a hen. They are nocturnal and eat 
insects, worms and vegetable matters. The 
feathers look like hairs. The eyes are small. 

The beaks are long and pointed. The 
nostrils are present on the tip of the beak. 
These birds can run speedily. Each hind¬ 
limb has four clawed toes, which may 
also be used for defence. The wings are 
much reduced and the tail is absent. Only 
one egg is laid at a time and it is white 
in colour. The order includes a single v 
family Aptcrygidae having three species, 
Apteryx australis (common Brown Kiwi), 
Apteryx hoasti (greater spotted Kiwi) and 
Apterynx oweni (little spotted Kiwi). 

Order Dinornithiformes. It included fossil running 
birds of New Zealand which are called Moas (two 
families having twenty species). The size varied 
widely and soirie attained the height of 300 cm. In 
most Moas, wings, pectoral girdles and keel were 
absent. Probably the Moas were vegetarian and 
possessed short beaks. The feathers were without 
barbicels. 

Order Aepyornilhiformes. These large, extinct run- | ) 
rung birds of Madagascar are commonly called 
‘Elephant birds’ (Aepyornis). Some attained the 
height of 300 cm. and their eggs measured 30'5 
cm. X24*5 cm. The wings were small. The hind¬ 
limbs having four toes were strongly built. 

Order Tinamiformes. The birds under 
this order are found in Southern Mexico, 
Central and South America, The size 
varies from that of Quail to a Partridge. 
The tail is absent. When chased, these \ 
birds run and can fly a short distance. The 
keel is present, but the appearance of palate 
is palaeognathous. These vegetarian birds 
do not perch and usually use their cryptic 
colouration for protection. The eggs have 
peculiar shining white shell and are in¬ 
cubated by the males. The order includes a 
single family Tinamidae having more than 
fifty species. The most common species are 
Crypturellus variegatus (Variegated Tina- -i 
mon) and Eudromea elegans (Crested Tina- 
mon). 

Superorder impennae 

This superorder includes birds which 
originated from ancestors which had 
wings to be used both for flight and swim¬ 
ming. Gradually the power of flight was r; 
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lost and body became heavy. Such a 
change converted the wings into effecting 
swimming paddles. It includes only one 
order Sphcnisci formes. 

Order Sphenisciformes . Penguins, members 
of this order, are distributed in Southern 
part of South America, South Africa, 
Australia, Anatarctic regions and Galapago 
islands. The body is perfectly suited for 
diving and swimming. For this purpose, 
the body is streamlined. The skeleton is 
solid and air-sacs are absent. The integu¬ 
ment is provided with thick fatty insulating 
layer and feathers form a compact outer 
covering. The wings are without feathers 
and are supported by flat and fused skele¬ 
tons which are articulated only at the joint 
of pectoral girdle. The hindlimbs are modi¬ 
fied for swimming. The metatarsals are in¬ 
completely fused and toes are webbed. But 
these limbs are used for walking on the 
shore. Food includes fishes, custaceans 
and squids. These are gregarious birds 
and nesting results in a large colony. 
Monogamous in nature and one egg is 
laid at a time. Male takes considerable 
part in incubating and rearing up of the 
young. The well known species arc Apteno - 
dyles forsleri (Emperor penguin), Apteno - 
dyles patagonica (King penguin), Pvgoscelis 
adeliae (Adelie penguin), Eudvptes cry status 
(Rockliopper penguin). Eudyplula minor 
(Fairy penguin), Eudyptula albosignaia 
(White flippered penguin) and Spheniscus 
demersus (Jaekars penguin). 

Siiperorder NiaXiNATUAK 

In this superorder, the birds have jaw 
arrangement completely different from 
Palaegnathac. Here, the slender vomer 
separates the palatines imperfectly. The 
palatines are protruded posteriorly to be 
in contact with the base or the cranium 
and remain movably articulated with 
small pterygoids. This type of jaw arrange¬ 
ment is known as neognathous condition. 
Majority of the neognathous birds are able 
to fly and most of them possess keel or 
carina in the sternum. It includes twenty 
two orders, of which one order is entirely 
extinct. 

Ordei; Gaviiformes . The birds are distri¬ 
buted in North America, Europe and 
Arctic region. Fully adapted for aquatic 
life and are expert in swimming and 
divmg. The neck is long. The legs are 
■ posteriorly placed and completely en¬ 
cased within skin. The digits are webbed. 


In water only legs are used for swimming. 
The bones arc* not fully pneumatic. The 
wings are short and it Hies very rarely. But 
once in air they can fly effectively. During 
summer these birds stay in fresh water but 
in winter shift to salt waters. The brightly 
coloured body has similar pattern in both 
the sexes except during breeding season. 
All the wing feathers moult together* for 
this season these birds pass through a 
flightless period. Due to its inability to 
move on land, these birds are helpless on 
land. Eggs are laid in nests among reeds. 
The well known examples are Gavin Stella - 
la (Red-throated Diver Loon), Gavia 
burner (Great Northern Diver or Common 
Loon) and Gavia adacusi (White billed 
diver or Yellow billed Loon). 

Order Podkojdliformes. The distribution 
is cosmopolitan. They arc aquatic and 
built up nests in floating vegetation. They 
usually live in fresh water. The legs arc 
placed posteriorly. Only three front toes 
are webbed by lobed fringing membranes. 
Reduced tail has degenerated tail fea¬ 
thers. The largest genus is Podkeps (Grebe 
or Dabclicn) and other genera are Aechmo - 1 
pfwrus (Large western Grebe), Podilymbus 
(Pied-billed Grebe) and Centropdara (Short- 
winged Grebe). 

Order Procell arid formes. All the members 
are marine and conic 1 to land only during >, 
breeding season and bfiiit up nest in holes 
or ciwires in the ground. Hooked bill lies 
encased within horny plato. Nostrils are 
tubular and have 4 well developed olfactory 
receptors. The wings arc long in compari¬ 
son to the size of the body. Only one 
egg is laid at a time. It includes four 
families and the well known examples are 
Albatrosses (. Diomedea , Phoebetria ), Shear 
water ( Puffinus ), Fulmars (Fulmar), Gape 
.Pigeon ( Dap lion) , Prions (Pachyplila), 
Storm petrels ( Oceaniles ), Diving petrels 
( Pele.canoules j. 

Order Pclecaniformes. The distribution is 
cosmopolitan. All are aquatic, and fish- 
eaters. Long beaks have wide gap. Size 
is usually large and body is adapted for 
diving. Hindlimb has four digits which are 
completely webbed. They m^ke nest in a 
colony and feed the nestlings by regurgitat¬ 
ed food. It includes seven families and 
well known examples are : Tropic birds 
(Phaethon ), Pelicans ( Pelecanus ), Gannets 
(Morns), Boobies ( Sula ), Cormorants 
(Phalacrocorax) , Darter • or Anhinga 
(Anhinga) and Frigate birds (Fregata). 
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Order Ciconiiformes. The distribution is 
cosmopolitan. All the birds have long 
naked legs and long bill. The legs are 
adapted for walking on marshes and mud¬ 
flats. Four toes are present in each foot, 
which only in one family (Phaenicopte- 
ridae) are webbed. All these birds can fly 
speedily. The pat tern of beak varies but in 
all, the beak has sharp-cutting edges. Food 
capture involves careful observation and 
speedy striking by the action of mobile 
neck and beak. It includes six families and 
well known examples arc Herons ( Ardea ), 
Bulo rides, Hydranassa ), Egrets (Egret la ), 
Bitern ( Botaurus , lxobrychus ), Night herons 
( Gorsachius , jVycticorax , Nyctarassa ), Boat- 
bill {Cochlear ins ), Shoebiil ( Balaeniceps ), 
Hammerhead (Scopus), Storks ( Ciconia , 
Mycteria , Kuxenura , Leploptilus ), Jabirus 
( Jahiru), Spoonbills ( Platalea , /J/fluz), Ibis 
(7 hreskiornis, Kudocimus , Plegadis) and Fla¬ 
il) i i igo (17/ o enicop terns ) 

Order Ansenjormes. The distribution is 
cosmopolitan. Most birds are aquatic but 
are also capable of Hying well. Feeding 
habit varies from vegetarian to Jish eater. 
Beak is provided with special tactile organ 
to help in selecting food. All the toes are 
webbed. It includes two families and com¬ 
mon examples are Screamers (Anhirna), 
Maglric: goose ( Anseras ), Whistling ducks 
(Dendmygna h Swans ( Coscoroha , Cygnus), 
Dabling ducks (Anas), Pochard (Ay thy a, 
JSl'elta , Ayr oca) , House (A user, Brant a) , Shel- 
d licks (Tadorna, ('asarc a, Alopochen) , Perch¬ 
ing ducks ( Cairina , Dendronessa ), Eider 
ducks (i Somateria , Pdysticla ), Diving ducks 
( Mcrgus , Lophodytes) and Stiff tailed ducks 
( O.vwfl), 

Order Falconi, formes. The distribution is 
widespread throughout the world except¬ 
ing Antarlica. It includes the birds which 
are adapted for day-time predatory life. 
Body is strongly built with prominent 
hook-like beak with cutting edge and the* 
feet are provided with curved, pointed 
Haws in the digits. The lower beak re¬ 
mains enclosed by the upper beak. The 
base of the upper beak bears wart-like 
variedly coloured protuberance called cere 
which is piqxed by nostrils. Feathers are 
stiff and cover the legs excepting the digits. 
Eyes are laterally placed but power of 
vision is extremely sharp. They lead soli¬ 
tary life or in pairs. Most birds are mono¬ 
gamous but before^mating, fighting and 
courtship display occur. Eggs are limited 
in number and usually one. The incubation 


is done by female only. The male feeds 
the female during the act. Nests are 
made on greeb heights and in inaccessible 
places. For a considerable period, the nest¬ 
lings remain dependent upon the parents. 
11 includes four families and the well known 
examples are vultures ( Vultur , Gymnogyphs , 
Sarcoramphus, Aegypices , Gyps), Kites ( Mile - 
res , JJaliaslur , Ictinia ), Eagles ( Aquila , Hierae - 
tus , llarpia , Ilahaetus ), Buzards ( Buteo ), 
Harriers (Circus), True Hawks ( Accipiter ), 
Ospreys ( Pandion ), Falcons (Falco) and 
Secretory bird (Sagittarius). 

Order Galliformes. The distribution is 
cosmopolitan. Various types of birds arc 
included in this order, the largest one is 
225 cm. in length and smallest size is 12.5 
cm. in length. The head is small but body 
is compact. The legs arc massive, clawed 
and used for scratching the soil to search 
food. Three toes are anteriorly directed 
and one is posteriorly directed. All the 
birds are terrestrial and usually nonrnigra- 
tory in habit. In most members, the wings 
are short and round. For this reason these 
birds cannot lly well, but all arc good run¬ 
ners. The beaks are strongly built and 
arched, most suitable for picking up 
grains and seeds. Sexual dimorphism is 
noted. Males are aggressive polygamous 
and do not take part in nest building and 
maintenance of youngs. It includes seven 
iamilies and well known examples are 
Megapodcs ( Leipoa ), Curassows (Crax, 
Mitu, Oreop has is) , Grouse (Lag opus, Tetrao , 
Lyrurus ), Partridges ( Perdix , A lee tor is) , Quail 
V Colurnix ), Bobwhite ( Colinus ), Franeolins 
( Francolinus ), True Pleasants [Phasianus, 
Chrysotophus , I,ophura , Callus , Argusianus , 
Pavo) , Guinea fowl ( Acryllium , Nami da), 
Turkeys ( Melagris ) and Hoatzins ( Opistho - 
comus ). 

Order Gruiformes. The distribution is 
cosmopolitan excepting polar region. The 
members belonging to this order are pri¬ 
marily aquatic but some have settled in 
grass-land and some have become reed- 
dwellers. They feed usually on vegetable 
mat ters. The toes are not webbed. Nests are 
built on the ground. This order includes as 
many as ten families and well known 
examples are Merites (Manias), Button- 
quail ( Turnix ), Plains wanderer ( Pediono - 
rnus), Cranes ( Grus , Babarica ), Limpkin 
(Aramus), Trumpeters (Prophta), Rails 
(Rallus), Crakes (Crex), Moorhens ( Galli - 
nula ), Coot (Fulica), Sungrebe (Heliopais, 
Heliornis , Podica), Kagu (Rhynochetos), 
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Sunbittern (Eurypyga), Cariamas (Cariama) 
and Bustards {Otis, Choriclis, Lissotis). 

Order Diatrymiformcs. These birds were distri¬ 
buted in Europe and North America. It included 
the extinct birds which attained the height of 2 10 
cm. These terrestrial birds were flightless and adap¬ 
ted for cursorial life. The feet had four toes, three 
anteriorly directed and one at the opposite side but 
raised above the ground. The beaks were strongly 
built. The well known example is Diatryma steini 
which was found from North American ocean bed 
and related to birds belonging to the Gruiformes, 
i.e., Cranes, bitterns, etc. 

Order Charadriiformes, These birds enjoy 
universal distribution excepting polar re¬ 
gions. This order includes variety of forms 
which live near water, some live on shore, 
some on aquatic leaves and some have 
become aquatic. The feet show various 
modifications according to the habitats. 
It includes sixteen families and well 
known examples are J'acanas (, Jacana ), 
Painted snipe ( Rostralula , Nycticryphes), 
Oyster catchers [HaemaLopus), True plovers 
(' Charadrius , Piyvialis), Lapwings ( Vanelius ), 
Woodcock ( Scolopax ), Snipes ( Gallinago , 
Lymnocryples ), Sandpipers ( Calidris , Philo- 
machus , Tringa ), Gurbus (Nurnenius ), Stilt 
( Himantopus , Cladorhyncus), Avocet {Recur - 
virostra ), Phaleropes ( Phelaropus , Stegano¬ 
pus) , Grab-plover ( Drornas ), Stone-curbus 
(. Burhinus ), Pratincoles ( Glareola ), Gourser 
(i Cursorius ), Sheath bills (< Chionis ), Skuas 
(i Stercorarius , Catharada), Gulls (Lams'), 
Terns (Sterna, Anoits ), Skimmers ( Rynchops ), 
Dovekie (Plautus), Guillemot ( llria ), Puffin 
(i Fratercula ) and Razorbill (Alca). 

Order Columbiformes. The birds under 
the order are present throughout the world 
excepting polar regions. All the members 
are adapted to land life. 'The size varies 
from that of a swan to a pigeon. The 
head and neck arc small and the compact 
body is supported by small legs. Each foot 
has four toes, of which three are forwardly 
directed and one is backwardly directed. 
All the toes lie in the same plane and have 
small straight claws. The wings arc long 
pointed, and enable the bird to make sus¬ 
tained flight at. great speed. In pigeons and 
doves, the basal part of the beak has a 
covering of soft skin which bears longitu¬ 
dinal slit-like nostrils. Both the sexes are 
alike. Monogamous but lives in a group. 
Male takes part in nest building and rear¬ 
ing of youngs. Youngs are helpless and 
are nourished by ‘pigeon’s milk* produced 
by both the sexes during breeding season. 
Number of eggs range from two to three. 


It includes thr£e families, of which one is 
extinct (Raphidae). The extinct family in¬ 
cludes bird like Dodo. The living birds 
which are included under this order are 
Sandgrouse ( Pterocles\ Syrrhypta ), Rock pi¬ 
geon (Columba livia), Passenger pigeon 
(.Edopistes ), Turtle dove ( Streptopelia ), 
Nicober pigeon (Cabanas), Parrot pigeons 
( Treron) , Grovvned pigeons (Coura) and 
Tooth billed pigeon (Didunculus). 

Order Psiitacifarmes . They arc distribut¬ 
ed in the tropical region but concentrate 
in Australia, New Zealand and South 
America. A!) the members arc specially 
adapted for arboreal life and can also 
climb. The beaks are used to help in climb¬ 
ing and feet are also used as ‘hand* to hold 
the food. The upper jaw is movably arti¬ 
culated with the cranium. The first and 
fourth digits are backwardly directed, thus 
provide better aid to grasp the branch. The 
feathers are usually brilliantly coloured. 
They live in flocks but are strictly mono¬ 
gamous. The nest is usually built in the 
hollows of the tree. Youngs are nourished 
till the attainment of maturity. Excepting 
a few parrots (Geopsittacus) all are diurnal. 
The order has a single family and the well 
known forms art* Macaw ( Ara ), Amazons 
(. 'Amazona ), Cockatoo (. Kakaloe ?). Parrot 
(Psittacus ), Parakctt (Conuropsis) , Budgeri¬ 
gar ( Melopsiltacus), Love birds (Agapornis, 
Prittacula) and Kea (Nestor). 

Order Cuculiformes. These birds are dis¬ 
tributed in the tropical and subtropical 
regions but concentrated in temperate re¬ 
gions. In all the members, the pattern of 
digits in the leg arc same as that of parrots, 
but these birds cannot climb. The*wings 
are long and enable these birds to take sus¬ 
tained flight. It includes two families and 
well known examples are Turacos, Cuckoos 
(Cuctdus, Cfwleciles) and Road runner (Geo- 
coccyx). 

Order Strigiformes. They enjoy universal 
distribution. All these birds are nocturnal 
and live upon hunting small animals (e.g., 
rodents). Like diurnal birds of prey, beaks 
and claws are stiongly built. The construc¬ 
tion of wing feathers is such that they pro¬ 
duce noiseless flight. Detail examination 
reveals that outer vane of each outermost 
wing feather is narrow and constitutes a 
loose fringe. Such construction, at the time 
of wing flapping, separates the fast moving 
and stationary air by *a thin slower 
moving cushion of air. The contour fea¬ 
thers are loosely arranged and extend up to 
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the digits. Eyes are large atod round. Both 
the eyes are directed frontally. With the 
help of neck, it can move its eyes up to 180°. 
The retina contains only rod cells and are 
adapted only to feel low intensity of light. 
The ear openings are placed on the lateral 
sides of the head and can be closed at will. 
These birds depend more on its auditory 
function during hunting than vision. It 
includes two families and well known ex¬ 
amples are common Barn owl ( Tyto ), 
Eagle owl (Bubo), Long-eared owl {Asia), 
Scops owl ( Otus ), Little owl [Athene), Pygmy 
owl [Glaucidium) , Burrowing owl (Speotyto), 
Wood owl (Slrix) and Snowy owl (Nyctea). 

Order Caprimulgiformes. The distribution 
is tropical, subtropical and temperate 
zones. It included nocturnal birds which 
hunt insects and othei small animals during 
twilight. The opening of mouth is broad 
and the lining has specialistxl sensory recep¬ 
tors. The arrangement of feathers are like 
owl and they are silienl-lliers. The coloura¬ 
tion is protective and helps the bird to con¬ 
ceal easily. It includes five families and well 
known examples are Frogmouths ( Podar - 
gus), Wood-nightjars ( Nyctibius ), and 
Nightjars ( Caprimulgus , Nyclidramus , Chor- 
deiles ). 

Order Apodiformes, The members of this 
order are called the swifts and humming 
birds. The swifts are seen throughout the 
world but humming birds are seen only in 
Central America. These birds have short 
legs and long wings. These can fly very 
swiftly. They are usually insect feeders, but 
humming birds take nectar. In swifts the 
mouth is broad and eyes are large. In 
humming birds, the tongue is protrusible 
and wings can perform hovering movement. 
The order includes three families which 
include well known examples like Swifts 
(Apus, Chaetura) , Crested swifts (Cypsiurus) 
and Humming birds ( Archilochus , Selaspho - 
rous, Patagona , Meliisuga , Loddigeria). 

Order Coliiformcs. They arc restricted in 
Southern Africa. The size is small (27.5 to 
35.0 cm.). The legs are short and the 
digits have sharp curved claws. The 
hallux or outer toe is reversible and can be 
brought forward to help in creeping on 
trees. Around the nostrils the base of the 
bill is fleshy. T he feathers are soft and look 
like hairs. Usually a crest is present on the 
head. They always Remain in a group of 
twenty or thirty* It includes a single family 
Coliidac and the example is mouse-bird 
(i Colius ). 


Order Trogoniformes. They are distribut¬ 
ed in Asia, Africa and tropical parts of 
America. The foot has peculiar arrange¬ 
ment of toes, the first and second are direct¬ 
ed backwards and the third and fourth are 
anteriorly directed. They lead a solitary 
life in dense forest and capture insects in 
the early morning and during twilight. 
The feathers are soft and flight is noiseless. 
Small and strongly built bill has bristle¬ 
like feathers in its base. T he tip of the beak 
is hook-like and in some cases it is denti¬ 
culated. Long and stiff tail supports against 
vertical surface at the time of digging. It 
includes a single family Tragonidae and 
well-known examples are Tragons (IJer- 
pactes, Haplodcrrtm , Calures) and Quatjal 
(Pharomechrus). 

Order Cor amformes. The distribution is 
cosmopolitan, especially in the tropical a 
climates. The members belonging to this 
group exhibit varied structures. In most 
members the wings and legs are short. The 
beak is long. T he body is brightly coloured 
and nests are built up as holes in the trees. 
In sonic forms, a few anteriorly directed 
toes arc fused (Syndactylous) and in others 
one of the toes is reversed (Zygodactylous). 
It includes nine families and well-known 
examples are Kingfishers ( Atcedo , Ispidina, 
Dacelo , Tanysiptera , Chlorocerle , Ceryle), To¬ 
dies, Motmots, Bee-eaters ( Merops), Cuc¬ 
koo-roller, Rollars (Comeis ), Ground rollers, 
Hoopoes ( Upupa ), Wood Hoopers and 
Hornbills ( Bucerns, Anthracoceros ). 

Order Piciformes. They are distributed 
throughout, the world excepting Australia 
and polar regions. The most important 
character is the occurrence of zygodacty¬ 
lous feet, second and third toes are directed 
forward and the first and fourth are pointed 
backwards. Usually insectivorous but some 
forms may be vegetarian. Most members 
nest is holes but one family (Indicatoridae) 
lays eggs in the nests of other birds. This 
order includes six families and the well 
known examples are Jucamars, Puff birds 
(Notharcus), Barbels ( Megalaima ), Honey 
guide (Indicator), Toucaus (Ramphastos) 
and Woodpeckers (Picus), Dendrocopos, 
(Sphyrapicus, Melanerpes, Jynx ). 

Order Passeriformes. They enjoy world 
wide distribution. This is the largest order, 
which includes 5,100 known species. All 
are collectively known as Perching birds 
or Passerines. Adapted to various habitats, 
they practice various modes of feeding. All 
are adapted to land life and in all the four 
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/V digits are present at the same level. Nest¬ 
lings are hatched, only with a few feather 
tracts and are helpless at the beginning. 
This order is subdivided into four sub¬ 
orders: Eurylaemi, Tyranni, Menurae and 
Oscines. All these suborders include sixty- 
five families. Familiar examples are Broad- 
bills (i Calyptomena , Eurylaimus), YVoodbewer 
(. Xiphorhynchus ), Ovenbirds (Furnarius ), 
Tapaculos ( Teledromas), Pittas (Pitta), Asi¬ 
des ( Philepitta ), New Zealand wrens (Xeni- 
cus, Acanthisitld), Flycatchers ( Muscivora, 
Tyrannies, Myiarchus , Empidonax , 

Canto pus), Sharpbills ( Oxyruncus ), Manakins 
(Chiroxip/iia), Chatterers (Cepha top terns, Chas - 
morhyncus ), Lyrebirds ( Metiura ), Scrub birds 
(Atrichornis), Larks (Alauda, Lullula, Calan- 
drella , Galerida), Swallows ( Hirundo, Velro- 
chelidon , Riparia , Delichon, Gecropis), Pipits 
( Anlhus), Wagtails ( Motacilla ), Cuckoo- 
shrikes (CoraciM, Campephaga), Minivet 
(Verierocolus), Bulbul (Pycnonotus), Fairy 
bluebirds (Irena), lora (^£z7//mm), Leal- 
bird (Chloropsis), Shrikes (Lanius, Vrionops ), 
Vanga-shrikes (Awryrmtf), Waxwings (/Lw- 
bycilia, Hypocolius ), Palm chat (Dulus ), 
Dipper (Cinclus ), Wrens ( Troglodytes), Mock¬ 
ing birds ( Mimus ), Cat birds (DumeteUa), 
% * Thrashers ( Texestoma ), Babblers ( Alcippe , 
Chrysomma , Rhinomyias , Turdoides, Kupetes), 
Bald Crows (Vicarihartes), Wren-tit (C//<z- 
Old world fly catchers ( Musckapa , 
Terpsiphone, Vhipidura ), True warbbers 
(Sylvia, Vhylloscopus ), Wren-thrush (/Zde- 
dotiia), Black bird ( Turdus ), Rock-thrush 
(Monticola), Nightingale (Luscitiia), Shama 
(h'illacincla), Forktail (Exicurus), Wheat car 
Ji (Oenanthe), Titmice (Varus), Tree-creeper 
w (Cert hid), Wall-creeper ( Tichodrorna), Nut- 
chatcli (&7ta, Hyposilla ), Australian tree- 


creeper (Climacims), Flower peckers (j4/ww- 
moj, Dicaeum), Sunbirds ( Aethopyga , A'drte- 
White-eyes ( fysterops) , Honey- 
eaters (Vrosthemadera, Moho), Buntings 
(Kmberizd), Cardinal (Richmondena), Tana- 
gers (Viranga), Plus-capped finch (Ctftem- 
blyrynchus) , Swallow-tanager ( Tcrsina) , 
Wood-warbbers ( Mniotilla , Dendroica)* Vi- 
reos (Fmw), American Black bird (Qikj- 
Euphagas), Orioles (Icterus), Meadow¬ 
lark ( Starnella ), Cowbird (Molothrus), Fin¬ 
ches (Fringilla, Coccothraustes , /.ww, Cardue- 
lis), House sparrow (Vusser), Weaver birds 
(Vloceus), Starlings (Sturnus), Old world, 
orioles ( Oriulus) , Drongo (Choctorhynrus, 
Dicrurus), Wattled crow (Calleas), Uuia 
(Ileteraloclia), Magpie-larks (Gratlina, Stiu - 
//tzV/ffl, Corcorax), Wood-swallows (/fr/zimw), 
Bell-magpie (Gymnorhina) „ Piping crows 
(Strepera), Butcher birds [Cracficus) , Birds 
of Paradise (Vamlisca), Crow ( Curvus) and 
Magpie (Vica, Cissa ). 

Comparison between Ratites and 
Garinates 

The flightless birds or ‘ratites’ are in-, 
eluded under the Superordcr Palaeogna- 
thae. These birds are characterised by 
having raft-like kcelless sternum, palaco- 
gnatlious (large and broad vomer sepa¬ 
rates the palatines which do not come 
into contact with cranium) type of palate 
and curly feathers. They differ from the 
remaining modern birds (constituting the 
superordcr Nengnalhac) having neogna- 
thous jaw condition (small vomer with 
rigid palato-cranial articulation) and 
keeled sternum by many points. The diff¬ 
erences are summarised in'Fable Chordata 
14 . 


Table Chordata-14 


Points 

Ratites (Palaeognatliae.) 

Garinates (Nengvwthae) 

1. Distribution 

■ 

Discontinuous. Except Ostrich, they 
are confined to southern continents 
and islands. 

Cosmopolitan. 

; 

2. Habitat 

Termtrial—usually living in desert. 

I n all spheres. 

3. Size 

Usually large. 

Variable-—but smaller in size. 

4. Tail .. 

Functionless. 

Functional, actively helps in steering 
during flight. 

5. Feathers 

Devoid of hooks and booklets. The 
barbs are free. 

Barbs are uniteef by hooks and hook- 
lets, i.e., the barbs are united. 
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Points 

6. After shaft 

7. Rectices 


Table Chordata-14 ( conld . 

Ratites (Palacognathae) 

Usually well-developed. 

Absent or irregularly arranged. These 
are never fan-shaped. 


,.-6L Down feathers 


£ Pte 


Pterylosis 


f 10. Wings .. 


Absent. 

The apteria is usually absent in adult, 
but distinct in youngs. 

Reduced in size, may be vestigial or 
absent. 


11. Uropygial gland . Absent except Kiwi. 

12. Rhamphotheca Compound, composed of several sepa- 

(horny sheath to the rate pieces. 

beak). 

13. Nature of skull Large and strongly built. 

14. Type of skull .. | Dromaoegnathous. 


i 15. Sutures of skull 
16. QucTdratc 

• 17. Vomer 
18. Palatines 


Persistent. 

V-shapcd bone, articulates with the 
squamosal by a single or partly 
divided facet. 


Large, broad and separates the pala¬ 
tines. 

Do not articulate with the rostrum. . 




Garinates (Neognathac) 

Usually ill-developed except Heron. 

Present, regularly arranged round 
the uropodium. These are fan¬ 
shaped. 

Present. 

Apteria is well-marked. 


Well-developed and constitute the 
principal organs for flight. 

Presalt. 

Usually undivided, may be com¬ 
pound in Albatross. 


Small, light and fragile. 

Never dromaeognalhous, may be 
schizognathous or aegithogna- 
thous or desmognathous. 

Absent in adult. 


Never Y-shaped, articulates by two 
facets. 


Small, narrow and may be trun- 
kated. 

Converge together behind and mov- 
ably attached to vomer by a cup- 
and-ball joint. 


19. Maxillo-palatine pro- 

20. Basipterygoid process 

21. Sacral vertebrae 

22. Pygostyle 

23. Sternum 


Small, do not articulate with one 
another. 

j Large and developed from the basi- 
| sphenoid. 

j Not firmly ankylosed. 

J- • - 


Undeveloped. 


| Plate-like without keel. No trace of 
| carinal ossification in young. 


24. Scapula 


i Platc-likc. 


- 25. Coracoid 
26. Coracoid and scapula 


“T 


Plate-like. 


; Comparatively smaller and comple¬ 
tely ankylosed. 


27. Goraco-scapular angle j Approaches two right ^obtuse) angles. 


Unite with One another to form large 
secondary palate. 

May be absent, if present, hangs from 
the base of the rostrum. 

Most of them are firmly ankylosed. 

Well-developed. 

Well-developed with a prominent well 
ossified mid ventral keel or carina. 

Sabre-shaped. 

Pillar-likc. 

Both are well-developed and not 
ankylosed. 

Less than 90° (acute), exceeds 90° in 
Albatross. 


-28. Furcula ..(Absent. Present and well-developed. 

29. Acromion aqd Aero- ! Absent or vestigial. Well-developed, 

coracoid processes j 










PHYLlM CHORDATA—BIRD5 


m 


Table Chordata-] 4 ( conid .) 


Points 

f 

Ratites (Palaeognathac) 

Carinates (Neognaihue) ^ 

30. Ilium and Ischium 

Loose and not fused posteriorly. 

Completely fused posteriorly. 

31. Pelvic symphysis 

Pubic symphysis is present in Ostrich 
and ischiatic symphysis is found in 
Rhea. 

Absent. 

32. Limb-bones 

Not much pneumatic. 

Highly pneumatic. 

33. Digits in forclimbs .. 

Usually three digits arc present, two 
with claws. 

Usually three digits are found and 
claws are absent in adult. 

34. Hindlimbs 

Usually elongated — adapted to cur¬ 
sorial life. 

; Usually adapted for eursorial/arlio- 
real/aquatic life. 

33. Tongue 

Usually small. 

Prominent ami pointed at the tip. 

36. Caecum 

Very large. 

Usually small. 

37. Flight muscles 

Completely reduc ed. 

Well-developed. May he slightly re¬ 
duced in flightless forms. 

38. Syrinx .. 

Absent except Rhea. 

,| _ .._ .. ' __ . 

i Present. 

39. Air-sacs 

Ill-developed or absent. 

! Highly developed and play iropor- 
! taut role. 

40. R.B.C. 

Smaller in si/e. 

Larger in size. 

41. Ovary .. 

Both die ovaries may be present. 

Usually right ovary is absent. 

42. Penis 

Present. 

Absent except duck. 

43. Egg-shell 

Thick and hard. 

Thin and fragile. 

44. Pore-canal 

Branched. 

Unbranched.* 

45. Youngs 

! Usually precocial, i.e., independent. 

j Altridal, i.e., dependent and help- 


less. 


Opinions differ as regards the phylo- above evidences suggest that the ratites 
genetic relationship between the ‘ratites’ have been evolved Iron: Hying ancestors, 

and ‘carinates’. It is claimed that the They do not form a natural group, but rc- 

ratites are primitive than carinates. This present a heterogeneous assemblage of 
contention is untenable today because the several evolutionary lines, 
condition of the cerebellum indicates their 

emergence from volant ancestors and many GENERAL NOTES ON BIRDS 
carinates have been recorded to have lost One of the most characteristic features of 
many carinate features especially the con- avian life is the ability of flight in most of 

version from keeled to raft-like sternum the cases. They are noted for their great 

due to their loss of flight. Many workers, uniformity of structures. All of them have 

particularly de Beer suggested that the so- spindle-shaped stream-lined body to offer 

called primitive features of the ratites, least possible resistance during forward 
viz .9 the condition of the feathers with free progression. The power of flight has caused 
barbs without hooks, arrangement of greatest changes in their biological organi- 

palate £>ones, retention of sutures in the sation. Most of them are essentially double 

skull are essentially neotenous characters adapted forms, the anterior parts of the 

and not primitive as advocated by earlier body become modified for flight while the 

workers. Many neognathous birds pass posterior extremities have changed for 

through palaeognathous condition during movement on land. All birds are bipedal 

development and the latter is possibly an forms having well-developed legs. The pel- 

arrested development of neognathous con- vis and the posterior portion of the verte- 

dition as suggested by McDowell. The bfal column become greatly modified for 
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this purpose. The union becween the pelvis 
and the vertebral column is very strong 
<and extensive. The fusion of the posterior 
vertebrae to form a rigid bony piece added 
additional mechanical strength. The neck 
is long, mobile and supports a rounded 
head with a projecting characteristic beak. 

Although the basic organisation is fairly 
uniform, different forms of birds exhibit a 
great variety of specialised features-which 
have enabled them to adapt themselves in 
numerous habitats. Besides differences in 
body form, behaviour, power of flight, 
feeding habits, modifications of the beak, 
feet, wings and many other parts have been 
encountered. These modifications arc 
manifestations of adaptation in varying 
environment. 

HABJT AND HABITAT 

Birds enjoy a wide range of distribution 
and occupy all continents, the seas anti 
islands, the Arctic and Antartic regions and 
extend even above 20,000 feet from sea 
level to the highest peak of mountain range. 
In spite* of their ability to fly in air, the 
birds conform to the principles of animal 
distribution, i.e., each species of bird occu¬ 
pies a definite geographical range and en¬ 
joys particular habitat. Some forms like 
albatrosses live on open seas except nest¬ 
lings; gulls, murres and auks live near 
seacoast; woodpecker, creepers and nut- 
hatchers make the trees their homes. Birds 
are also noted for their diversities in food 
habits and locomotory methods. Many 
birds capture insects as food while forms 
like hawks sour for hunting. Most of the 
tree-dwelling birds use the crevices or holes 
of the trees as the nests, while others 
prepare nests for nesting and rest. Insect 
eating birds and birds of prey usually live 
and hunt alone; robins, quail and juncos 
live in flocks, but seggregate in pairs during 
breeding season; and birds like pigeons, 
blackbirds, seafowls always remain in com¬ 
panies. 

SKIN AND COLOURATION 

The skin of birds is t hin, loose and devoid 
of any skill gland. The uropygial gland is 
the only skin gland in birds which may be 
lacking in some cases. This gland is well- 
formed in aquatic birds. The uropygial 
gland is a bilobular structure situated on 
the dorsal side of the uropygium. The func¬ 
tion of this gland is not properly known. It 


has been suggested that the secretion of 
this gland makes the feathers waterproof or 
produces characteristic recognition scent 
or produces ergosterol which is transformed 
into vitamin D by exposure to sunlight. 
Nerve endings are abundantly present in 
the skin. 

The feathers and the scales are the major 
exoskeletal structures of the birds. The 
beak and the claws are also specialised 
seal e-like structures. The keratin-produc¬ 
ing capacities of skin are mostly devoted 
to the production of feathers—the most 
important exoskeletal structures in avian 
morphology. 

Feathers. In modern birds, the feathers 
cover the body. T he feathers play the role 
of heat regulation, help in flight and ex¬ 
hibit protective colouration and sexual 
display. The feathers, except penguins and 
ratites, are arranged in definite feather- 
tracts (pterylae) separated by feather less 
areas (apleria). Many birds have their 
body covered by temporary feathers {nest¬ 
ling-down) at. the time of hatching. The 
nestling-down feathers assume various 
forms and are replaced by permanent 
feathers. In some cases, the nestling-down 
feathers may be present in adult. There are 
various types ol permanent feathers which 
have already been discussed while des¬ 
cribing the feathers of Columba. 

The arrangement and types of feather 
are important in classification. In ratites, 
the apleria arc distinct in youngs which arc 
obliterated in adult when the body has a 
uniform covering of feathers. The barbs of 
the feathers are free, i.c., the barbs lack 
hooking apparatus. The remiges and rec- 
trices are well-formed in flying forms. The 
rectrices vary greatly. These are almost 
absent in birds living near to the ground, 
being well-formed in fast-moving forms. 
'The rectrices help in steering during pro¬ 
gression. In penguins the remiges are de¬ 
generated, because the wings have trans¬ 
formed into paddles for swimming. 

The feathers are regularly shed at inter¬ 
vals, either at a certain stage in the life- 
cycle or seasonally. New feathers are pro¬ 
duced from the old papillae. Most of the 
birds moult annually after the breeding 
season, while others moult a second time 
during the year. 

Colourations in birds. Birds are spe¬ 
cially noted for the exhibition of different 
vivid colour patterns. These colour pat¬ 
terns form the basis of the avian social life; 
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The colours are used for protection, as 
the signs of recognition and sexual 
stimulation. 

The colour patterns vary greatly in birds 
according to the habits. Cryptic (conceal¬ 
ing) colouration is very common which 
renders the birds less visible. This is aided 
by counter-shading (the upper side with 
stronger lighting becomes darker than the 
lower side which is whitish). In most birds 
the colouration is a compromise between 
conspicuous and concealing colourations. 
Usually the females show cryptic coloura¬ 
tion, while the males exhibit conspicuous 
colours. Both the sexes, in some forms, 
acquire nuptial plumage by a prenuptial 
moult and return to dull colour by a post¬ 
nuptial moult. There is a general ten¬ 
dency to match the colour of the body 
with the hues of the surroundings. Birds 
inhabiting the arid zones become pale- 
coloured, while those of humid regions are 
darker. The cryptic colouration in birds 
has a selective value. It adds one or both 
the sexes the garments which are used for 
communication between individuals of 
the same species for pair formation, 
aggression between males, selection of 
nest site for laying the eggs and rearing 
the youngs. 

The colours in birds are produced partly 
by pigments and partly by diffraction 
effects. Melanins, are the most common 
pigments which are laid down in the fea¬ 
thers by specialised pigment colls in the 
feather papillae. The processes of these 
cells convey the pigment to the epidermal 
cells. Yellow xanthophyll in the beak of 
duck and red aslaxanlhin of pheasant wat¬ 
tles are carotenoid pigments which are 
soluble in organic solvents. The white 
colour is produced by reflection. Two pecu¬ 
liar pigments arc recorded in birds. The 
turacos (plantain-eaters of Africa) contain 
two pigments: ( i ) Turacin—a copper con¬ 
taining red porphyrin and ( ii) Turacover- 
din —an iron containing green pigment. 
The iridescent feathers are due to inter¬ 
ference of light in thin surfaces. 

SKELETAL STRUCTURES 

Exoskeleton 

The exoskeletal structures are well-deve¬ 
loped in birds. The feathers constitute the 
major. exoskeletal structures. Besides fea¬ 
thers, the other exoskeletal structures are 


the scales covering the leg and feet, claws 
and beak. The structural construction of 
these structures has been discussed in the# 
biology of Columha. The modifications of 
these structures in various birds are dis¬ 
cussed below. 

Modifications of beak. The beak is essen¬ 
tially a structure to obtain food, to preen 
feathers, to colled nest materials 1:o build 
the nests and also to act as the organ of 
defence. Because of the functional diver¬ 
sities, the beaks have undergone extensive 
range of modifications in different birds. 
Fig. 8.30 shows a few varieties of beak in 
birds. The modifications of beak are essen¬ 
tially adaptive in nature and the form indi¬ 
cates the food habits. 

The beak is strong and powerful in carni¬ 
vorous birds, being slender in others. In 
Egyptian vulture the beak is hooked to 
tear flesh, from carcases (Fig. 8.30A). The 
beak with the marginal hooks and leaflets 
in Flamingo form a filter-feeding apparatus 
to sieve small materials from water (Fig. 
8.30B). In pacific passerine the beak is # 
modified to colled nectar from the flower 
(Fig. 8.30C). The beak of passerine cross¬ 
bill (Fig. 8.3013) has obliquely crossed 
mandibles to facilitate the breaking of seed. 
The beak of woodpecker (Fig. 8.30E) is 
strongly built and ads as a pick-axe for 
excavating the wood to get insects. The 
beak of Albatross (Fig. 8.30F) is large and 
tube like. The beak of Pelican (Fig. 8.30G) 
is highly modified to catch fishes. The ter¬ 
minal hooks and the beak pouch are spc-. 
cialiscd devices for the purpose. The beak 
of European Goosander (Fig. 8.3011) pos¬ 
sesses fish-holding denticulations. The ser¬ 
rations in beak of Catfish (Fig. 8.301) act 
as a saw through the petioles of leaves to 
decorate the display-ground with the green 
leaves. J lie Galapagos Woodpecker-finch 
has a short, beak to trench the tree (Fig. 
8.30J; with the help of a cactus spine. 
The cactus spine is hold by the beak to 
probe the barks for insects. 'Phis bird is 
remarkable for tool-making. The Frog- 
mouth (Fig. 8.30K) has a wide gap bet¬ 
ween the upper and lower beaks to facili¬ 
tate insect catching. A tuft of filamentous 
feathers surmounting the beak also help in 
the process. 

The beak of ducks and geese is flat and 
broad. It has lateral straining devices. The 
beak of Parrots is moved on the skull and 
has sharp edge. 
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Fig. 8.30. Modifications of beak in different birds. A. Egyptian Vulture. B. Greater Flamingo. 
G. Pacific Passerine. I). Passerine Crossbill. E. European Green Woodpecker. F. Albatross. G. 
North American White Pelican. H. European Goosander. 1. Australian Tooth-billed Catbird. J. 
Golapagos Woodpecker-finch. K. Australian fawny Frogmouth. L. Kingfisher. M. Shovelcr. 
N. Flicker. O. Hawk. P. Thrush. Q,. Bunting. R. Warblev. 


Modifications of wing. 1 he forelimbs oi 
all birds have modified into the wings. 
Essentially the wings arc built on the same 
structural plan. As a rule the wings are 
extremely reduced in ratites and seconda¬ 
rily flightless forms. Like that of Columba> 
all the three digits of the wings are claw¬ 
less. But in Chauna (crested Screamer) and 
common fowl and goose (abnormal occur¬ 
rence) claw may be piesent on the first 
digit. In the youngs of Hoatzin two clawed 
digits are present in each wing. But the 
ratites have retained claws in the digits. 
The ostriches have claws in all the digits, 
the rheas possess claws on the first and 


rarely on the second and third ones. The 
cassowaries, kiwis and emu have claw 
only on the second digit (see Fig. 8.37B). 

Modifications of feet. The hindlimhs are 
principally used in movement upon the 
surface of the earth. The hindlimbs exhibit 
great diversity in structure according to 
their mode of action. Broadly the hind- 
limbs are distinguished into two categories: 
walking feet and wading feet. The walking 
feet vary considerably and four toes are 
usually present. The first toe is directed 
backward. The walking feet are comple¬ 
tely feathered at least up to the tarsal arti¬ 
culation, while the wading feet have partly' 
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or completely unfeathered tibial region. 
The wading feet are found in aquatic 
birds. The toes are usually webbed to help 
swimming. The walking feet become spe¬ 
cialised for various purposes. The toes arc 
modified for grasping the prey, for perch¬ 
ing, for dimbling and for offense. The 
wading feet show different gradations as 
regards to structure: (£) Swimming feel— 
having three anteriorly directed toes con¬ 
nected by undivided web as we see in Anas, 
[ii) Half swimming feet having the web ex¬ 
tended up to the middle of the toes as 
observed in Recurvirostra . (Hi) Split-swimming 
feet —the toes have a cutaneous border as 
seen in Podicipes. The border of the toes is 
lobed in some cases. 

Fig. 8.31 shows some instances of pedal 
specialisations in flying birds. In Cormo¬ 
rant the feet are modified for swimming 


The feet of Jungle fowl of India arc 
modified for rifiining and scratching the 
soil for search of food. The spur is used for 
aggression and defence. The grasping feet ■ 
are examplified by the Hawk where the 
claws are recurved and the toes have 
rough raised pads to grasp the prey. The 
feet are also modified for perchiug and 
defence. Similar condition is also observed 
in Kingfisher. Typical passerine feet are 
modified for perching, hopping and de¬ 
fence. 1 n Weavers and some other passerine 
birds, the leet are employed to weave the 
nestling materials. The feet of sand-grouse 
are peculiar. They help in thermo-regula¬ 
tion in addition to the normal functions of 
running and defence. 'Flu* feet of swift 
arc modified to cling to the vertical sur¬ 
face of the trees or walls by curved claws. 
Similar modifications art. observed in the 



Fig. 8.31. Specialisations of liindlimbs in diHerein birds. A. Cormorant. B. Mr-gapodc of New 
Guinea. C. Grebe of Africa. D. Jungle Fowl of India. E. Hawk. F. Weaver of Africa. G. Sand- 
grouse. H. Swift. 1. Woodpecker (three-toed). J. Kingfisher. K. Avocoi. I.. Poorwill. M. Sage* Cock. 


and defence. In Megapode, the feet are 
heavily built and adapted for food-getting, 
running and defence. The claws are sharp 
In Grebe, the feet belong to half-swimming 
type, where the toes are laterally lobed. 


feet of Woodpecker. Injacanas, the modi¬ 
fication of the toes is remarkable. The toes 
are unwebbed, but extremely elongated 
and clawed to ski over pnstable floating 
leaves of water-lilies. In some birds, e.g., 
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owls, nightjars and some aquatic forms 
like bitterns, cormorants, 1 gannets, one of 
the claws in each foot becomes pectinated. 
This comb-like feather-cleasing structure 
is highly developed in bitterns. In moth¬ 
eating nightjars, this pectinated claws 
help to clear moth scales from the tactile 
feathers round the mouth. The pectinated 
toilet claws are adaptive features and are 
encountered iri unrelated forms. It occurs in 
species that feed on mucus-coated aquatic 
or semi-aquatic organisms. 


Endoskeleton 

The endoskeletal framework is greatly 
modified in birds for carrying the weight 
of the body in two distinct ways- during 


flight on the wings and during rest on the 
legs. For this purpose, the axial as well as 
the appendicular skeleton becomes extre¬ 
mely altered. 

Skull. The axis of bird is strikingly short¬ 
er than any other vertebrate. But the neck 
remains long in most cases. Avian skull 
is essentially uniform throughout the class. 
The following features characterised the 
avian skull: (i) The bones of the skull are 
fused together resulting in the obliteration 
of the sutures. These sutures are present in 
the skull of most ratites. («) The facial 
portion is prolonged into a beak composed 
mainly of large tri-radiate premaxillae. 
( iii ) The occipital condyle is single and 
rounded. The condyle is formed by the 
basioccipital. (iv) A spacious rounded 
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Fig. 8.32. Skull of Apteryx. A. Ventral view. B. Lateral view. 
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brain-case. ( v) The orbits are large 
except in Apteryx . The orbits are separated 
by a thin interorbital septum formed 
anteriorly by the mesethmoid which is 
continued anteriorly with the cartilagi¬ 
nous internasal septum. ( vi ) Rod-like 
jugal and quadratojugal reach the quad¬ 
rate posteriorly, (vi) The quadrate is freely 
articulated, (vii) The infraorbital arcade is 
complete, while the supratemporal arcade 
is mostly incomplete, (mi) A large para¬ 
sphenoidal rostrum is present, (ix) Pre- 
frontals and postfrontals are absent and the 
orbit is not closed from the temporal fossa. 
But in parrots, a backwardly directed pro¬ 
cess of the lacryinal meets the postorbital 
process of the frontal beneath the orbit. 
(x) The squamosal is closely united with 
the skull, (xi) Secondary palate is absent. 
These are some of the characteristics which 
are almost universal in most of the forms. 
But a detailed study reveals many diff¬ 
erences, especially the arrangements of 
the palatal bones. Four distinct broad cate¬ 
gories of avian skull are observed. These 
are: (1) Dromaeognathous skull. This type of 
skull is seen in ratites and Tinamus. The 
basipterygoid processes are large which 
spring from the basisphenoid to articulate 
with the posterior ends of the pterygoids. 
The vomer is large and broad (Fig. 8.32 A). 
The palatines do not articulate with the 
rostrum. The maxillo-palatine processes 
are small and do not unite with one an¬ 
other. (2) Schizognathous skull. This type of 
skull is found in gulls, penguins, fowls, 
pigeon, etc. The vomer is small and point¬ 
ed in front. But in pigeons, the vomer is 
absent The basioterygoid processes may 
be absent or spring from the base of ros¬ 
trum The maxillo-palatines do not unite 
one another and the vomer. Fig. 8.33 shows 


the details of a typical schizognathous 
type of skull. $) Aegithognathous skull . In 
passerines, swifts, the skull is almost simi¬ 
lar to the schizognathous type, but the 
vomer is broad and truncated in front. The 
skull of crow shows the typical condition. 
(4) Desmognathous skull. The vomer is small 
and the maxillo-palatines are large and 
spongy (Fig. 8.34). These bones unite with 
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one. another in the middle line ventral to 
the vomer. This type of skull is found in 
storks, birds of prey, ducks, geese, parrots, 
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Fig. 8.33. Skull of G alius. A. Dorsal view. B. Ventral view. C. Lateral view. D. Lower jaw. 
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etc. In parrots (Fig. 8.35) the skull is 
peculiar by having movable upper 



J'ig. 8.3 r >. Skull of PsiUacula (lateral view). 


beak. A true craniofacial hinge is present 
between the skull and upper beak. 

Vertebral column. The vertebral column 
is highly modified in birds to ofTer strength 
and rigidity. The cervical and thoracic 
vertebrae have heterocoelous centra for 
^ universal mobility of the neck. The num¬ 
ber of different vertebrae is variable in 
different birds. The number of cervical 
vertebrae ranges from nine (in song-birds) 
to twenty-five (in swans). The thoracic 
vertebrae become more or less fused to 
form rigid thoracic basket. The thoracic 
vertebrae, are opisthococlou? in penguins, 
gulls, cormorants, stone-curlews and god- 
wits. The posterior cervical vertebrae and 
anterior thoracic vertebrae bear hypo¬ 
physes for the attachment of neck muscles. 
The posterior vertebrae become fused in 
all the birds to give mechanical strength. 
The synsacrum is formed by the fusion of 
posterior thoracic, lumbar, sacral and 
anterior ^caudal vertebrae. The number of 
sacral vertebrae ranges from one to five. 
In all living birds except some ratiles, a 
laterally compressed pygoslyle is present. 
'This ploughshare-shaped bony plate is 
formed by the fusion of four to six caudal 
vertebrae. 

'The centra of the movable vertebrae in 
birds are separated by synovial cavities. Each 
such cavity is traversed by fibro-cartilage 
called the meniscus which bears a pore 
through which passes a fibrous cord—the 
remnant of the embryonic notochord. 

Ribs. The thoracic vertebrae carry ribs. 
Each rib is double-headed. The capitulum 
is attached to the centrum and the tuber- 
culum joins witji the transverse process. 
Each rib consists of a sternal portion and a 


vertebral portion. These two portions are 
united by synovial joint . The vertebral por¬ 
tions of ribs possess backwardly directed „ 
uncinate processes. 

Sternum. The sternum is a broad plate 
covering the ventral side of thorax and 
part of abdomen. In carinates, the ster¬ 
num bears on its ventral side an antero¬ 
posterior keel for the attachment of the 
pectoral muscles. In ratites, the keel is 
either absent or represented as a vestige 
and the sternum thus appears raft-like. 
In many carinates, the keel becomes 
reduced and small as in Nolornis , Galli - 
rallus and is almost absent in Didus , Stri - 
gops, Hesperornis, etc. The anterior margin 
of the sternum produces antero-posterior 
processes, while the postero-lateral part is 
usually fenestrated or showing deep not¬ 
ches. The development of keel in birds is 
correlated with the power of flight, it is # 
well developed in flying forms and absent 
or reduced in flightless members. So the 
absence of keel in birds is purely adaptive 
in nature having no phylogenetic signi¬ 
ficance. 

Girdles and limbs. Both the girdles 
and limbs have become greatly modified 
for flying and walking. The pectoral girdle 
exhibits adaptive divergence in ratites and 
non-ratites. In ratites, the scapula and 
coracoid are small and fused with one an¬ 
other. But in non-ratites the scapula and 
coracoid are large and are united by liga¬ 
ment. In these forms the scapula bears an 
acromian and the coracoid has an aero- 
coracoid process. Both these processes are 
either absent or extremely reduced in 
ratites. The coracoscapular angle is us¬ 
ually less than 90° in non-ratites, but in 
ratites this angle approaches two right 
angles. Another peculiarity is the absence 
of fureula in ratites. In most of the non- 
ratites the fureula (probably consisting of 
clavicles and interclavicles) is loosely atta¬ 
ched with the anterior end of the sternum. 
The skeleton of the wing becomes greatly 
altered from the typical vertebrate plan. 
Fusion of terminal bones to limit the mov¬ 
able joints has increased the efficiency of 
the wings. The peculiarities of the wing- 
skeleton have already been discussed in the 
biology of Columba. In ratites and other 
flightless birds the structure of the wing 
has become reduced. In penguins, due to 
the transformation of* the wings into swim¬ 
ming paddles, the bones have become 
flattened and a sesamoid bone called the 



PHYLUM CHORDATA—BIRDS 


337 


patella ulnaris replaces the olecranon pro¬ 
cess. The wing bones are reduced in lies- 
perornis , but in Moas , there is no trace of 
wing skeleton. 

The pelvic girdle and legs have become 
specialised for standing, walking, perching 
and swimming. The pelvic girdle has well- 
developed expanded ilia which are attach¬ 
ed to the sacrum. The ischia are directed 
backward. The pubes are slender bones. 
In Apteryx, the pubis and ischium are en¬ 
tirely free, while in cassowaries and emu 
the pubis and ischium are united with the 
posterior end of the ilium. The pubes and 
ischia remain separate in most birds but in 
ostrich the pubes arc united by symphysis, 
while in Rhea there is an ischiatic symphy¬ 
sis. The ischia. pubes and ilia participate 
in the formation of acetabulum which is 
perforated. The pubis in Apteryx is peculiar 
by having a forwardly directed pectinal 
process . The bones of the hindlimbs exhibit, 
less diversity in different birds except, pen¬ 
guins where the tarsometatarsus is short 
and broad. 'Mure metatarsals composing 
each tarsometatarsus are easily distinguish¬ 
able from outside. There are four digits in 
the leg of birds. No bird possesses the fifth 
digit in adult. A vestige of the metatarsal of 
the fifth digit is found in the embryo of 
some birds. 

As already been discussed, the endo- 
skeleton has become modified mostly for 
aerial movement. The bones have become 
light due to the extension of the air-sacs 
in majority of the birds except some diving 
forms. Tneumaeity of the bones shows re¬ 
gional specificity. In most, of the birds all 
the bones are pneumatic except forearm, 
hand, shank and foot. In penguins, Apteryx 
and many song-birds only the skull bones 
aic pneumatic to make the skull light. In 
birds the bones are pneumatic without re¬ 
ducing the mechanical strength of the 
bones. 

DIGESTIVE SYSTEM 

Despite great diversities in the mode of 
feeding, the digestive system in birds shows 
uniformity throughout the class. The 
mouth is hounded by upper and lower jaws 
which are covered by lhampholheca to 
form the beak. The rhamphothcca is most¬ 
ly "imple, while in ratites it is compound. 
The beak has assumed extensive variations 
which are correlated to the feeding habits 
of the birds. Teeth are absent in all modern 


birds. The tongue is long and thin. It con¬ 
tains taste-buds and mucous glands. 'There 
are three salivary glands one medium 
sublingual and two angular glands which 
usually produce saliva to moisten the food. 
In graminivorous birds, the saliva con¬ 
tains diastatic enzyme. 

The buccal cavity is usually small in 
birds, but in some forms, especially pelicans, 
the floor of the buccal cavity is dilated to 
form a large gular pouch to store fishes. 
The pharynx leads into a wide oesophagus, 
which pmdurcs a huge receptacle (crop) 
in grain-eating birds. T he crop stores a 
large quantity of food and produces ‘crop- 
milk' during breeding season. 'The oeso¬ 
phagus leads into the stomach which is 
divided into a tubular glandular proven ti- 
culus and a muscular gizzard. 'The gizzard 
is highly muscular in grain-eating forms, 
while in carnivorous forms it is simple and 
assumes the characters of normal stomach. 
The duodenum and the coiled intestine 
are short in carnivorous birds, but in grain¬ 
eating varieties these arc elongated. T he 
duodenum receives the pancreatic and bile 
ducts. The gall bladde r is present in most 
birds, but in a few forms (as in Columba) 
the gall bladder is totally lacking. Two 
small blind caeca are present at the junc¬ 
tion of the ileum and rectum. The caeca 
play two functions: digestion of vegetable 
libres by bacterial and/or enzymatic action 
and help in the absoiption ol water. T he 
elaboration ol the cinacal chamber into 
the coprodaeum, urodaeum and procto- 
daeum helps in reabsorption of water. The 
bursa fahvicii (‘Vloacal thymus”) opening 
into the proctodaeum helps the' young birds 
to protect against local infra ion. It be¬ 
comes extremely reduced or atrophied in 
adult. 

RESPIRATORY SYSTVA1 AND SOUND PRO¬ 
DUCING ORGAN 

'The respiratory system is remarkably 
modified to provide large supply of oxygen 
necessary for active metabolism. The lungs 
arc proportionately small in size arid slight¬ 
ly distensible. T he funetional efficiency of 
lungs is enhanced largely by the develop¬ 
ment of air-sacs. 'The air-sacs play impor¬ 
tant role in the life of birds. 'These sacs 
become greatly reduced in ratites and 
other flightless forms. 

The glottis is slit-iike and situated pos¬ 
terior to the root of ton'guc. The glottis 
leads into larynx which cannot produce 
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any sound. The sound is produced by a 
specialised apparatus called the syrinx or 
lower larynx . This appratus is simply cons¬ 
tructed in many birds, but the associated 
muscles become very complicated in the 
‘song-birds’ (order Passeriformes). Most 
birds can produce calls and songs. The 
parrols, magpies, mocking-birds, mynas 
and many others possess the inherent capa¬ 
city of mimicry. The avian notes are used 
(i) to convey different ‘ideas’ to their fel¬ 
lows; («) to assemble the individuals of 
the gregarious species; (Hi) to attract the 
males in chosen territory; (iv) to warn at 
the time of danger and (v) for reciprocal 
directional calls between youngs and 
parents. 

Cl RCil IL/Y I t) l<V SYSTEM 

The circulatory system is very efficient 
to allow birds a high rate of metabolism 
and a high but constant body temperature, 
'fhe heart is specially noted by having 
efficient and powerful forwarding cham¬ 
bers. Complete separation of oxygenated 
and dcoxygenaled blood yielded a high 
arteriolar pressure to allow essential ma¬ 
terials* to reach the different tissues quickly. 
The size of the heart and the rate of heart 
beat depend on the size and activity of the 
birds. Usually, the larger birds have small¬ 
er heart with lower rate of heart beat 
and this condition is usually reverse in 
smaller varieties. The rate of heart beat is 
nearly 500 in sparrow, 300 in hen and less 
than 100 per minute in a turkey. 

The arteries, specially supplying to the 
wings, are enormously developed. Another 
characteristic feature of the circulatory 
system is the*considerable reduction of the 
renal portal system. The red blood cor¬ 
puscles are oval, nucleated and carry large 
amount of haemoglobin. The functional 
efficiency of the R.B.C. in birds is higher 
than in mammals. In birds, the B.M.R. 
(Basal Metabolic Rate) and body tempera- 
'lure are considerably higher than that of 
mammals. The body temperature of birds 
is usually 42°C reaching nearly to 45°C 
in some cases. The physiological mecha¬ 
nism of the regulation of constant body 
temperature in birds is difficult to inter - 
prete. The role of air-sacs in the tempera¬ 
ture regulation is significant. The air-sacs 
can conserve heat and can also lose heat 
by ventilation, wheq necessary. Loss of heat 
in birds is also minimised by having avas¬ 
cular extremities. 


NERVOUS SYSTEM AND SENSE ORGANS 

The brain and the sense organs agree 
in all essential features with those of Colum- 
ba already discussed. The eyes show great 
variation in size. In hunting birds, the eyes 
are proportionately larger is size. The. 
retina of diurnal birds is composed largely 
of cones. Nocturnal birds have mainly the 
rods in the retinal layer. The pit-like fovea 
exhibits modifications in some cases. The 
Kingfishers possess double foveas. During 
diving under water for a catch, die image is 
transferred from one fovea to the other. 
Another peculiarity of avian eye is the 
presence of a pleated projection from the 
blind spot called the pecten. The. pecten is 
small in nocturnal forms and largest in far¬ 
sighted diurnal hunters; In spite of diverse 
opinions regarding the physiological role 
of this structure, no general agreement 
exists on this issue. 

URINOGENITAI. SYSTEM 

The structure and function of kidneys 
are similar throughout the class. The glo¬ 
meruli show the general trend of red uction. 
In sea-birds particularly the penguins and 
cormoi ants, bilateral nasal glands arc sug¬ 
gested as additional salt-excreting organs. 
These glands help in extra-renal excretion 
of sodium chloride from the body. 

Fertilization is internal and all birds Jay 
eggs. In ratites, anserilbriiics and some 
other birds a penis to assist in internal fer¬ 
tilization is present. The eggs are incubat¬ 
ed for the growth of the embryo. The in¬ 
cubation period varies in different birds. 
The youngs may be prec octal or allricial 
The absence of right ovary and oviduct is 
a peculiar occurrence in avian anatomy. 
Some birds, e.g., hawks, both the ovaries 
are functional. 

Reproduction in birds is usually a sea¬ 
sonal phenomenon. The gonads increase in 
size and become functional during the 
breeding activities which are controlled by 
the endocrine system. Many species exhibit 
courting performances during breeding 
season. A few land birds lay eggs on bare 
rocks or ground and otheis build nest for 
the eggs and youngs. 

ORIGIN OF BIRDS 

Birds constitute a very specialised group of verte¬ 
brates which have evolved from reptiles during 
Mesozoic era. The actual documentary records of 
the stages how such reptiles were transformed into 
birds arc rare because of the nonavailability of abun- 
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dant avian fossils. Two fossil specimens of Archaeo¬ 
pteryx discovered from the upper Jurassic beds added 
the strongest evidence to this contention. Being 
fully avian in its organisation, this fossil bird re¬ 
tained in its anatomy many features which are un¬ 
mistakably reptilian (Fig. 8.36). This admixture of 



developed tail. 

avian (haiacteris-ics in one hand and the reptilian 
features on (he other justifies Archaeopteryx as a 
‘connecting-link’ between the reptiles and birds. 


Reptilian features evidences in fa¬ 
vour of reptilian origin of birds 

Replies and birds appear quite different from 
external examination, but closer examination will 
reveal that both these classes of vertebrates are 
basically similar. Birds arc basically reptilian and 
the characters which distinguish a bird from a 
reptile are due io its adaptation to aerial life. 
Because of this close similarities, T. If. Huxley 
called the birds as the glorified reptiles and included 
both the classes under the superclass Sauropsida. The 
evidences in favour of reptilian origin may be cata¬ 
logued in the following ways: Anatomical, Embryo- 
logical and Palaeontological evidences. 

Anatomical evidences. (1) Both reptiles and 
birds have well-formed cxoskcletal structures— 
scales in reptiles and feathers in birds. The hind- 
lirabs, in majority of the birds, are covered by scales 
which are typically reptilian in structure, orienta¬ 
tion and origin. The feathers are modified scales. 
(2) Although the claws in birds show wide structural 
diversities, these structures are typically reptilian, 
be: ig constructed of a dorsal unguis and a ventral 
subunguis. (3) The cxoskcletal structures including 
the horny covering of the beak in birds are shed. 
This process resembles closely the moulting pheno¬ 
menon—the diagnostic feature of reptiles. (4) Beak¬ 


like structure is present in many reptiles. (5) The 
skull is autostylic with distinct quadrate. (6) The 
occipital condyle is single and developed from bash 
occipital. (7) The inlerorbital .septum is present in 
birds ami reptiles except snakes and limbless lizards. 
(8) The sclerotic plates are present. ^9) The man¬ 
dible is complex.being composed of several pieces 

of bones. (10) Both cervical ami thoracic ribs are 
present. (11) The uncinate processes (avian fea¬ 
tures) die found in the ribs of the crocodiles and 
Sphmodori. (12) The skeletal frame of thehimllimbs 
is strikingly similar in both reptiles and birds. 'The 
phalanges are typically reptilian (2, 3, 4, 5). The 
wings of some ratites contain one or two digits end¬ 
ing iu claws. (13) The gizzard is present in birds 
and crocodiles. (14) The caecum is present. (15) 
The cloaca is an elaborated chamber in both the 
classes to reabsorb water from the urine. Although 
the cloaca is incompletely divided into three clum¬ 
bers in birds, the hint of division is observed iu rvpii- 
lian cloaca. (16) The trachea is made up of complete 
tracheal rings. {1 1) The air-sacs are present in birds 
and chameleon. ( lift Avian heart is four chambered. 
The heart of crocodiles is almost four chambered 
(the foramen of Baniz/.a is insignificant). (19) The 
red blood corpuscles are oval and nucleated in both 
the classes. Scott has shown that the avian and rep¬ 
tilian blood shows close affinities from the serolo¬ 
gical examination. (20) Single avian aortic arch on 
the right side is a modification of the reptilian aortic 
arch. In crocodiles, tm? right aortic arch is predo- 
mincut. (21) The kidneys are elongated ami arc of 
melancphric type, (22) Urinary bladder is absent* 
in birds ami snakes. (23) Both reptiles and birds arc 
oviparous and the fertilization occurs internally. 
(24) The oviducts are regionally differentiated into 
different glandular areas. (25) Iutromittent organs 
are present in reptiles (except Sphenodon) and in 
ratites and ducks. (26) 'Hie tteopaIlium is smooth in 
l>oth the classes. (27) Tin 'cerebellum of bird and 
crocodiles shows close structural similarities. In both 
the cases, the cerebellum is divided into a medium 
vermis and two lateral flora uli. (28) Twelve pairs of 
cranial nerves are present (except snake). (29) The 
pecteu is present in the eyes of birds and croco¬ 
diles. (30) The. ci’iary and sphincter muscles of the 
iris have striped fibres. 

Embryological evidences. The developmental 




postpafAgium 


Fig. 8.37. A. Clawed wing of nestling Opistho - 
comus. Note the presence of two* clawed digits. B. 
Wing of adult Apteryx. Note the presence of one 
clawed digit. 
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history of both reptiles and birds throws light on the 
phylogenetic; interrelationship between them. The 
evidences are: (1) The sperms are closely similar in 
size, shape and structure. (2) The eggs are large, 
albuminous, telolecilhal and covered by hard egg 
shell. (3) Development depends upon incubation 
in both. (4) The segmentation is meroblastic. (5) 
The mechanism of gastrulation and mesoderm for¬ 
mation is similar. (6) Extracmbryonic membranes, 
amnion and chorion are present. (7) The develop¬ 
mental stages of scales and feathers are closely simi¬ 
lar. (8) The wings lack clawed digits. But in ratites, 
clawed digits may be present. But in the embryonic 
stage of Opisthocomus , claw is present in the wing. 
(Fig. 8.37). (9) The organ of Jacobson is present in 
the embryonic stag** of birds. (10) The intcrclaviclc 
is present in the embryonic pectoral girdle of birds. 

Palaeontological evidences. The palaeonto¬ 
logical studies of fossil birds and reptiles give 
strongest support to the reptilian ancestry of birds. 

Similarities betuwen fossil birds and modern reptiles. 

The earliest known fossil bird, Archaeopteryx, was 
ubtained from the upper Jurassic bed of Solentofcn 
in Bavaria. Germany. Due to the blending of avian 
and reptilian characters. Archaeopteryx serves as 
an instance of mosaic evolution and is regarded as a 
missing link between the reptiles and modern birds. 

Von Meyer obtained for the first time the fossil 
of a feather and named the bird which possessed it 
as Archaeopteryx lithographic a. Andres Wagner dis¬ 
covered the* entire fossil ami named it as Griphinamm 
macrura. A second fossil was discovered by Daves 
from the same bed. Following are the salient fea¬ 
tures of the bird: (D The size was slightly larger 
than c row. (2) The axis of the body was elongated 
and lizard-like. (3) The vertebrae had aniphieoe.lous 
centra. (■!) A long tail was present which was com¬ 
posed of 18 20 faucial vertrbne. The tail had 
parallel rows of reel rices along its sides. (Ft) The 
(orelimbs had three* clawed digits with separate 
melaearpals and phalanges. 'The hallux was oppos¬ 
able. (til The wing area was small having rounded 
shape. The leathers were present on the back of 
ulna and hand. (71 The* ribs were slender and de¬ 
void of uncinate processes. Abdominal ribs were 
present. (8) The 1 pectoral girole had a distinct 
‘T'-shaped intcrclaviclc*. The coracoid and Mapula 
were slender. The fmrula was a *U’-shaped bone. 
The sternum was small. (9) The- pelvic girdle had 
elongated ilia and barkwardly directed pubes. 'I'hc 
ischia were thin, each had a foramen. (10) Each 
hindlimh had four clawed digits and the phalan¬ 
geal formula was 2, 3, 4, Ft. (II) The shape of the 
skull was more reptilian with a single occipital 
condvlc-, large* lira in case, fairly developed zygo¬ 
matic arch and completely fused parietals. (12) A 
.circle of sclerotic: ossicles was present. (13) Well- 
developed short and blunt beak was present with 
well-formed conical teeth lodged in sockets. (14) 
Cerebral hemispheres were elongated and the cere¬ 
bellum was small. 

The available fossils of Archaeopteryx gave only 
the impression of exoskelctal and endoskeletal 
structures and nothing w«» possible to know about 
the soft parts. Despite this limitation, these fossils 
suggested that the birds originated from reptiles. 
Besides the fossils of Archaeopteryx, other fossil 
birds of Cretaceous period ( Hesperornis , Baplornis, 
Ichthyornis, Apatornis , etf.) showed many reptilian 
features. These fossil birds were all diving and 
swimming forms exploring the harvest of the sea. 


The discovery of all these fossil birds proclaimed the 
reptilian ancestry of birds. 

Similarities between fossil reptiles and modern birds 

Many fossil reptiles have attempted to aerial life 
and underwent structural modifications for that 
particular mode ofliving. These fossil reptiles show¬ 
ed many avian features. 

Euparkeria. This small pscudosuchinn reptile of 
early Triassic period had foreshadowed the essential 
characteristic’s of the avian life. The skull was long 
and slim suggesting the existence of a beak-like 
structure. Sharp teeth were present in sockets along 
(he edges of the jaws. The hindlirnbs were longer 
and showed the dawn of bipedal habit. According 
to most of the palaeontologists, this form of fossil 
bipedal reptile gave origin to birds. The changes 
undergone by the birds during their evolution from 
such reptilian stem-form have been reflected by the 
descendants of the pseudosuohians—like (he Dino¬ 
saurs and Pterosaurs. 

Dinosaurs. These Mesozoic c reatures were diverg¬ 
ed into two lines —Saurischians and Ornithischians. 
The Saurischians possessed triradiate pelvis. The 
ostrich-dinosaur ( Struthiominus) was bipedal reptile 
and walked on three toes. The bones were hollow? 
The skull was heavily built vvidi a beak-like strue- 
lure. The number and size of teeth were greatly 
reduced. The ornithischians or ‘bird-like’ dinosaurs 
possessed essentially avian pelvis. A ‘predentary’ 
bone was present in the* mandible to support the 
horny beak. They were bipedal forms. The beak 
was either edentulous or the teeth were restricted 
to the.* hinder part of the beak. The digits of rile lore- 
limb became reduced In three and were possibly 
modified for grasping. 

Pterosaurs. 'Flic* pterosaurs examplilied by Rham- 
phorhynchus , Pteranodon , Pterodactyhis showed many 
avian features. The bones were light and pnnmruir, 
A beak was present and the teeth were absent in 
latter forms. 'The suture’s of the skull were: obliterat¬ 
ed. ! wt> temporal openings were present behind 
the* large eyes. A large prcorbital foramen was 
present. 'The neck was fairly long and flexible. 
Series v»l ribs were present between pectoral and 
pelvic: girdles. Cervical ribs were double-headed. 
Both the girdles showed avian similarities. The 
sternum was large with a keel. The wings were pre¬ 
sent in die form of patagia. Flic* humerus was strong, 
the radio-ulna was elongated. Only four digits were 
present and there was no trace of fifth digit. File 
first, second and third digits were small and the 
fourtli one was extremely elongated as the 4 wing- 
finger’ to support the patagium. The cerebellum 
was large as evidenced from brain-cast. 

The similarities between the fossil reptiles and 
modern birds are due to their adaptive convergence 
for similar mode ofliving. The cumulative evidences 
from all sides added more weight to the idea that 
the reptiles and birds arc phylogenetically related 
with one another. 

Origin of flight in birds 

The rise of the major groups of vertebrates is 
always associated with functional changes. The evo¬ 
lution of the birds is associated with the changes 
from terrestrial to aerial life. The reptilian ancestry 
of birds is a self-evident fact, but detailed evidence of 
the steps how cold-blooded terrestrial reptiles were 
converted into warm-blood flying birds are insuffi¬ 
ciently known except the discovery of a fossil bird. 
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Sj Archaeopteryx in the Jurassic bed. Lack of sufficient 
transitional types between the reptiles and birds, 
discussion on the origin of birds has taken the form 
of theories as to how flight started in birds. 

Cursorial origin. Nopcsa has advocated the 
cursorial origin of birds. According to him, the 
proaves was a running reptile. While running fast 
on the ground this reptile lifted the forelimbs off 
from the ground. The scales over the margin of the 
limbs become expanded as feathers. Nopcsa believed 
* that birds arose from bipedal dinosaur-like reptiles 
which used to run on the ground by the hindlimbs. 
During this mode of progression the head was al¬ 
ways raised sufficiently high up the ground and the 
forelimbs were stretched out to maintain balance. 

Arboreal origin. Birds evolved from arboreal 
reptiles. This concept is supported by many orni¬ 
thologists. Proaves was arboreal forms which used 
to live on trees. Osborn put forward the “ pair-wing 
theory ” and advocated that only the forelimbs were 
^ utilised in climbing the trees and also during jump¬ 
ing from one tree to another. This have led to the 
origin of patagia between the limbs and the body. 
Beebe and Hcihnann established the four-wing 
theory ” which signifies that both the fore- and hind- 
limbs were used during the process. Both the pairs 
of the limbs were utilised for climbing the trees also 
during parachuting from tree to the ground and 
from tree to tree. Gregory advanced a compromise 
idea and regarded that proaves was good runner 
both on ground and on trees. 

Diving origin. Newman regarded the proaves 
as aquatic reptile. Plight might have started in con¬ 
nection with soaring over the water during diving 
for fishes. 

'■ Much controversy exists about the origin of flight 
in birds. The si nut lira I construction, specially the 
claws and long tail of Archaeopteryx added evi¬ 
dence in favour of gliding origin of flight in birds. 
During Mesozoic: era, birds originated from a race 
of bipedal arboreal reptiles which were accustomed 
to run. jump and glide on the branches of the: 
trees. 

Probable line of origin 

The reptilian origin of birds is an undisputed 
question. The anatomical, embryological and 
palaeontological evidences are most convincing with 
respect to the phylogeny of birds. The palaeontolo? 
gical evidences have established that arehisaurian 
rliapsids hold the key of avian origin. The ancestral 
form was closely allied to Euparkerui of Trias.fie 
period during Mesozoic, era. From such a bipedal 
stem form, the birds have evolved in space and 
time. Two factors appear to be crucial which lead 
the pro-avian reptiles to be glorified as birds. These 
twe factors are: (1) search for food and (2) search 
for safety. 

MIGRATION OF BIRDS 

The word migration has come from the la tin 
word migrara which means going from one place to 
another. Many birds have the inherent quality to 
move from one place to another to obtain the 
I ad* milages of the favourable condition. In birds, 
** migration means two way journeys- -onward jour- 
> • ney from the ‘home’ to the ‘new’ places and back 
journey from the ‘new’ places to the ‘home’. 'I his 
movement occurs during the particular period of the 


year and the birds#isuallv follow the same route. 
There is a sort of ‘internal biological clock* which 
regulates the phenomenon. 

Types of migration 

All birds do not migrate, but aJI species are sub¬ 
ject to periodical movements of varying extent. The 
birds which live in northern part of the hemisphere 
have greatest migratory power. Migration may be 
latitudinal and altitudinal. The latitudinal mi¬ 
gration usually means the movement from north to 
south and vice versa. Most birds live in the land 
masses of the northern temperate and subarctic 
zones where they get facilities for nesting and 
feeding during summer. They move towards south 
during the winter. An opposite but lesser movement 
also occurs in the southern hemisphere when the 
seasons arc changed. Cuckoo breeds in India and 
spends the summer at south-east Africa and thus 
covering a distance of about miles. Some 

tropical birds migrate during rain\ season to the 
outer tropics to breed and return to the central 
tropics in dry season. Many marine birds also make 
considerable migration, htffinus (Great shearwater) 
breeds on small islands and migrates as far as < ireen- 
land in May and return hack after few months; 
ll covers a distance of BOB miles. I’e.ngnins migrate 
by swimming and cover a considerable distance of 
lew hundred miles. Siam (Arctic tern) breeds in 
(he northern temperate region and migrates to the 
A ill antic zone along the Atlantic. 11 was observed 
that Sterna covers a distance of I 1,000 miles during* 
migration. The altitudinal migration occurs in 
mountainous regions. Many birds inhabiting the 
mountain peaks migrate to low lands during winter. 
Golden plover [Pluvial i\) starts from antic tundra 
and goes up to the plains of Argentina. Birds mig¬ 
rate either in floc ks or in pairs. Swallows and storks 
migrate a distance* of fi.OOO miles from Northern 
lit trope to South Africa. Ruff’breeds at Siberia and 
travels to Great. Britain, Africa, India and Gcylou 
thus travelling a distance ofti.OOO miles. 

Factors controlling migration 

Most species of birds migrate more or less on 
schedule and follow the routes in a regular fashion. 
The actual causative factors determining the course 
and direction of migration are not clearly known. 
Migration in birds depends upon two important 
factors —stimulus and guidance. Scarcity of food and 
fall of daylight are believed to produce cudocriual 
changes which initiate bird migration. The guid¬ 
ance: during migration is chiefly instructive but 
various factors arc believed to art as guide. 
Matthews (IBoo) and Sauer (1957) have emphasised 
the position of the sun (during daytime) or stars 
(during night) helps the birds to navigate along 
definite route. Experimental evidences by creating 
artificial planatorium have shown that the shifting 
of the position of sun causes a change of the migra¬ 
tory pathways. Heavy cloud or fog interferes mig¬ 
ration during night. Besides, the magnetic intensity; 
cast-west and north-south gradients of gravity; 
lines of magnetic force; obvious landmarks like 
coastal lines, rivers, mountain ranges, etc. The 
north-to-south migrations of birds take place under 
stimulus from the internal condition of the gonads 
which are affected by seasonal.variation. The ex¬ 
periments of Rowan with Juncos (summer visitor to 
Canada) have established that light plays important 
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role in the development of ( gonads which has 
indirect role on migration. If the gonads undergo 
regression, die urge for migration is not felt. So the 
seasonal changes in illumination appear to be a 
crucial factor determining migration, Despite all 
these suggestions, it is not clear how birds through 
successive generations follow the same route and 
reach the same spot. The instinctive behaviours like 
migration, breeding, moulting arc phasic occur¬ 
rences in the annual cycle which arc possibly con¬ 
trolled by the endocrine system. In all migratory 


birds, accumulation of fat takes place for extra fuel 
during prolonged flight in migration. 

Problems of migratory birds 

Migration is the most adventurous period of 
avian life. Every year, hundreds of millions of mig¬ 
rants never reach their destination. The following 
factors create great problem to the migratory birds: 
storms and hurricanes; strong current of wind; fog: 
man-made towers and lighthouses. 


SUMMARY 


(1) Birds arc ‘heavicr-than-air’ flying vertebrates. 
They exhibit double adaptations- -the anterior part 
of the body becomes modified for flying and the 
posterior portion is specialised for running or 
climbing or perching or swimming. 

(2) One of the striking features of avian life is that 
the basic organisation remains fairly uniform 
throughout the class. The anatomy of Coltida will 
give a fair picture of avian organisation in general. 

(3) Birds are easily recognised by having the laxly 
covered by leathers, the forelimbs modified into 
wings, four-chamkred heart with only right aortic 
arch, well developed lungs with lliin-wallcd air- 
sacs, twelve pairs of cranial nerves, well developed 
eyes with pcclrn, etc. 

(•I) Birds arose from reptiles and exhibit a signi¬ 
ficant advancement over the reptiles hv having 
regulatM body temperature, high metabolic rate, 
highly developed sense organs and highly specialised 
rare of the. youngs. The discovery of fossil bird, 
Mmpltrn from the Jurassic bed unequivocally 


speaks of reptilian ancestry of birds. Because of the 
reptilian affinities, birds arc said to be ‘glorified 
reptiles’. 

(5) There are about 8,650 species of birds living 
today in tiiis world, They exhibit a great variety of 
special features enabling them to occupy numerous 
habitats. They show differences in body form, 
flying ability, instinctive behaviouis, shape of beak, 
feet and many other parts which are purely adap¬ 
tive in nature, 

(6) Birds are classified into two subclasses: 
Arehaeomilhes and Neornilhes. The older idea of 
division of the subclass Nromithcs into two groups 
“Ralitac” and ‘Carinatae’ depending on the flying 
ability is untenable now-a-days. Because many 
emanates have'bccomc raft-breasted forms due to 
loss of flight. 

(7) Migration is one of the characteristic be¬ 
haviours in many birds. Migration may be latitu¬ 
dinal and altitudinal and in all the eases such 
movement is always seasonal. 
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Phylum Chordata— mammals 


Originating from a lowly organised reptilian stalk as tiny and insignificant con¬ 
temporaries of the gigantic reptiles during the Mesozoic era, mammals by virtue of 
their superorganised brain came to the top of the ladder of evolution. A wide variety 
of structure and form is present among the mammals. They range in size from that of 
a mouse barely one inch in length to that oi a whale attaining a length of more than 
one hundred feet (Fig. 9.1). They have conquered all available habitats. 



Fig. 9.1. Showing the diversities in form and size of :i lew mammalian forms. Whale is die larges! aquatic 
animal and ihe elephant forms the. largest terrestrial form. 


IMPORTANT rEAlVR.ES 

(1) Mammals art; stenothermal (except¬ 
ing Monotremes) vertebrates. body 

of mammals is covered with epidermal 
hail*?. Hairs are mammalian monopoly. 
(Sf Mammals possess integumentary glands 
in the form of sweat, sebaceous or ordori- 
ferous glands. (■^/'Mammary glands 
arc presen tin mammals and they are func¬ 
tional in adult females. The secretion of 
mammary gland is known as milk and it is 
the chid' food for suckling youngs. (5) 
Mammals are quadrupeds but in whales the 
limbs are absent. (6) 'l'hc digital tips 
are provided with claws, nails or hoofs. 
External ear or pinna is usually present 
in most mammals. (8) Eyes of mammals are 
provided with upper and lower eyelids and 
often eye lashes are associated with the eye¬ 
lids. (^The urinary and genital apertures 
of mammal ant: separate excepting Mono¬ 
tremes. (lfl)/nUcrnally a diaphragm is 
preseht in atl mammals. It forms a partition 
between th^ thoracic and abdominal 
ca vi t y ./{ 4l*jH cart of mammals consists of 
two auricles and two ventricles. (i£) Sinus 
venosus is absent. (PJ) Only the left aortic 
arch is present. (14) Mature red blood cor¬ 
puscles are non-nucleated. (^'TBrain of 
mammals is highly developed. (16) Cere¬ 
bral hemisphere is large and much convo¬ 
luted. (17) Corp us callosum i s present jn 
the form of"P tran sverse TrancL q fjnerve 
fibres-^riTTT^Jorms^a bridge towediiuihc 
two cerebral hemispheres- (18) Corpora 
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qiiadrigemina is present on the dorsal side 
of the midbrain. r Twelve pairs of 
cranial nerves are present. (20) Occipital 
condyles are two in number. (21) A bony 
palate formed by ihe prcmaxilla, maxilla 
and palatine separates tin 1 nasal passage 
from the buccal cavity. (22) The lower jaw 
or mandible is made up of a single piece 
of bone called dentary and articulates to 
the skull through squamosal. Jaws are 
provided with teeth. The teeth are theco¬ 
dont, diphyodout and licterodont. (24) 
The centrum of ihe wrtebra is Hat on 
both the surfaces. (2£f Cervical vertebrae 
arc usually seven in number except in 
sloths. (26) Sternum is segmented. (27) 
The coracoid of the pectoral girdle is 
ill developed. (28) Pubic symphysis is 
present in the pelvic girdle. (29) Mamma¬ 
lian eggs arc small and arc with little 
yolk. (SO) Fertilization is always inter¬ 
nal. (81) Amnion, allantois and chorion 
are present as embryonic membranes in 
all mammals excepting Monotremes. 
AHaptois is rudimentary in Marsupials. 

Placenta is present in Eutherian mam¬ 
mals. (33) Oestrus cycle is present in ma¬ 
ture females. 

OUTLINE CLASSIFICATION 

Living members of the class Mammalia 
are divided into two principle subclasses. 
The subclasses being (I) prot otherta and 
(2) theria. Under subclass Prototheria 
there is a single order named Mofiolrernat/i 
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which includes egg laying Platypus. Sub¬ 
class Thcria has again been divided into 
two infraclasses. The infraclasses are (1) 
metatherta and (2) eutheria. Under in¬ 
fraclass Metatheria ihere is one order 
named Marsupialia which includes the 
pouched manunals. All placental mammals 
are included in the infraclass Eutheria. 
There are sixteen living orders under the 
infraclass Eutheria. The? names of these 
orders are: (1) lnsectivora , (2) Chiroptera , 

(3) Derm op ter a, (4) Edentata , (5) Pholidota, 
(6) Primates , (7) Rodcntia , (8) Lagomorpha , 
(9) Cetacea, (10) Carnivora , (11) Tubuli- 
(ten tala , (12) Hyracoidea , (13) Proboscidea , 
(14) Sirenia , (15) Perissodactyla and (16) 
Artiodactyla. besides these living orders, 
there are many extinct orders. 

Example of Mammalia CAVIA 

Cavia porccllvs is the scientific name of 
guineapig. It comes under the order 
Rodentia. Guincapigs are much in demand 
as useful laboratory animals. 

HABIT AND HABITAT 

Guincapigs have been made domesti¬ 
cated. Wild guincapigs are almost cosmo¬ 
politan in distribution. They are herbi¬ 
vorous and lead a subterranean life. Gui- 
neapigs are in the habit of passing food 
twice through the alimentary canal (Cacco- 
trophy). faecal pellets passed in the day 
time are of dry and hard consistency. But 
those passed in the night are soft with 


much mucus in them. The guineapigs are 
in the habit of taking these nocturnal 
faeces and as such they are called Copro- 
phagus animals. 

EXTERNAL STRUCTURES 

The length of the Cavia is about eight 
inches from mouth to vent. The body is 
covered over with variously tinged soft 
hairs. Certain area of the body is devoid 
of hair. The body is divisible into three 
distinct parts, head , neck and trunk (Fig. 9.2). 
Tail is absent, but the tail bone is perce- 
ptable at the posterior end of the trunk. 
Following structures are found in the three 
different parts of the body. 

Head is short and more or less tri¬ 
angular in appearance. Anteriorly it ends 
in a pointed snout. 'The snout is devoid of 
hairs and bears at its tip a pair of apertures 
called external nostrils. Round the nostrils 
there are several stiff and sensitive whiskers 
called vibrissae. The aperture of mouth is 
located beneath the nostrils. It is bounded 
by upper and lower lips. The upper lip has 
a cleft in the middle through which the 
upper incisors protrude. Round and large 
eyes are present one on each lateral side of' 
the head. Each eye is provided with three 
eyelids upper, lower and third or nictitat¬ 
ing membrane. Upper and lower eyelids are 
movable and are provided with eye-lashes. 
Nictitating*membrane is a whitish trans¬ 
parent movable curtain oriented obliquely 
in front of the eye-ball. On each posterior 



Fig. 9.2. External structures of Cavia. 
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lateral side of the head ail elongated flap 
like movable fold of skin called pinna is 
present. 

Neck is short and flexible. It is a sort of 
bridge between the head and trunk. It 
permits independent movement of the 
head. 

The cylindrical trunk is divisible into 
two parts, thorax and abdomen. Thorax is 
supported by ribs and sternum but abdo¬ 
men has no such bony support on the 
ventral side. The trunk bears paired 
mammary glands at its posterior ventral 
part. Each gland opens externally through 
a teat (or nipple). In males the nipples 
are poorly developed. Anus is present as 
a small aperture oil the posterior end of 
the trunk. Beneath the anus the urinary 
and genital apertures are located. In males 
there is a common opening for both the 
systems and the opening is present at 
the tip of a muscular organ called penis. 
In the female the genital and urinary open¬ 
ings are separate. The trunk is provided 
with two pairs of limbs, forelimbs and 
hind limbs. The hindliinbs are larger than 
the forelimbs. The limbs are built in a 
pentadactyle pattern. There are four digits 
in each fore limb and three digits in each 
hindliinb. Forelimbs are used in burrowing 
and hindlirnbs arc used in leaping during 
locomotion. 


SKIN 

The skin of Cavia is made up of two 
layers —epideurtis and dermis (Fig. 9.3). 



Fig. 9.3. Diagrammatic sectional view of the skin 
of Cavia. Note ihe presence of hair, sweat and 
sebaceous glands. 


Epidermis is thj 1 outer layer and is ecto¬ 
dermal in origin while the inner dermis is 
mesodermal in origin. The epidermal pail 
of the skin is made up of the following 
layers: Stratum corneum. It is the outer 
horny layer and is made up of dead cells. 
1 he horny texture is due mainly to the 
formation of a protein called keratin. 
Transitional layer. Beneath the stratum 
corneum, a layer called transitional layer 
is present. It is made up of Hat cells and 
the cells are derived Irom the layer situated 
beneath it. Stratum germinativum. The 
innermost layer of the epidermis is known 
as stratum germinativum or Malpighian 
layer. T he cells of this layer arc polyhedral 
in appearance and contain conspicuous 
nucleus and granules. These cells divide 
mitotically to form the upper layers. 

Ihe dermis is made up of loose connec¬ 
tive tissue, blood vessels and nerves. In the 
dermis the following structures are present: 
Hair follicle. Epidermis penetrates into the 
dermis and forms small pocket called hair 
follicle, flair papilla is located in the inner 
end of the follicle and the hair emerges from 
the papilla. Smooth muscles called erecto* 
muscles arc associated with the papilla. 
These muscles raise the hair. Sebaceous 
gland. 1 hese are flask-shaped glands and 
they open into the hair papilla. The secre¬ 
tion ol these glands is oily in nature and 
the name of the secretion is sebum. Sebum 
keeps the hairs oily. Sweat gland. These are 
much coiled tube-like glands. The glands 
open to the outside through the epidermis. 
Secretion of these glands is known as 
sweat. Sweat is watery in nature. It helps in 
regulation of the body temperature and 
excretion. 


COELOM 

The body cavi*y or coelom of Cavia is 
transversely separated into two compart¬ 
ments by a muscular partition called dia¬ 
phragm. The anterior compartment is 
known as thoracic cavity and it houses 
heart and lungs. The posterior cavity is 
known as abdominal cavity which con¬ 
tains stomach, liver, intestine, kidneys 
gonads, etc. The abdominal cavity is lined 
internally by peritoneum which becomes 
(bided to form mesenteries to support the 
abdominal organs. The diaphragm is 
convex at its anterior surface and concave 
at its posterior surface. 
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SKELKTAI, STRUCTURES f 

Exoskeleton 

Cavia possesses well-developed exoskele- 
t:al structures in the form of])airs and claws. 
The hairs cover the body and the claw s are 
present at the digital (ips. As already des¬ 
cribed, hair develops in hair-follicle. Each 
hair is a slender rod-like structure having 
a central core (pith) and an outer solid 
layer (cortex). The claws are typically repti¬ 
lian in construction. 

Endoskeleton 

The entire, internal skeleton of Cavia 
except certain parts of nose and ear is fully 
ossified. Cartilage is present at the tip of 
certain bones. The skeletal system is divid¬ 
ed into (1) Axial and (2) Appendicular 
skeletons. 

Axial skeleton. The axial skeleton in¬ 
cludes the ( I) skull, (2) vertebral column, 
(3) sternum and (4) ribs. 

skull. 'Three (irmly united parts consti¬ 
tute the skull. These parts are: (a) cranium, 
(h) sense capsules and (c) visceral skeleton. 

Cranium ; Cranium or the brain box is 
made up of several well-defined skeletal 
pieces. These pieces are united with each 


and below it lies the basioccipital . There are 
two exoccipital bones located one on each 
lateral side. Each exoccipital is drawn back 
as pointed and curved paroccipital process, 
(ii) Occipital condyle. There are two occipital 
condyles (Tig. 9.4B) located one on either 
side of the foramen magnum. The condyles 
act as articulators between the skull and 
first vertebra. (Hi) Parietal bones. Anterior 
to the supraoccipital there are two parietal 
hones forming the roof of the cranium. 
(iv) Frontal bones. The anteriormost portion 
of the roof of the cranium is formed by 
a pair of frontal bones (Tig. 9.4A). The 
outer border of each frontal bone is 
concave. The dorsal wall of the orbit 
is formed by it. (v) Sphenoid bones. Two 
sphenoid hones called basisphenoid and pre¬ 
sphenoid form the floor of the cranium. The 
lateral walls of the cranium is formed by 
alisphenoid and orbitosphennid (Tig. 9.5). ( vi) 
Squamosal. Two squamosals, one on either 
side of the lateral wall of cranium arc pre¬ 
sent. The squamosals take part in the for¬ 
mation of zygomatic arch, (vii) Cribriform 
plate. The inner anterior wall of the cra¬ 
nium is formed by a cribriform plate. The 
plate is perforated and separates the cra¬ 
nium from the. olfactory capsule. 
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Fig. 9.4. Skull of Caaio. (A) Dorsal* view. (B) Ventral view. 


other and distinct sutures are present bet¬ 
ween these pieces. The skeletal pieces that 
make up the cranium arc: (i) Occipital bones. 
There are four occipital bones. These 
bones encircle the foramen magnum. The 
supraoccipital bone is located at the top 


Sense capsules. Three different sense cap¬ 
sules are present in the skull. The capsules 
are paired and house eyes, ears and nostrils. 
Architecture of the sense capsules are dis¬ 
cussed below': (/) Olfactory capsule. The roof 
of the olfactory capsule is formed by a pair 
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of nasals . The posterior lateral wall of the 
capsule is made up of maxilla aud the an¬ 
terior lateral wall is formed by premavilla. 
Both maxilla and premaxilla are parts of 
the visceral skeleton. A vomer is pre¬ 
sent along the. midvcntral line and pos¬ 
teriorly it articulates with the presphe¬ 
noid. The two nasal cavities are separated 
from each other by a vertically placed 
cartilaginous plate called mesethmoid. As 
supporting structures for the olfactory epi¬ 
thelium there are small aud spongy bones 
called turbinals present inside the nasal 
cavity, (ii) Optic capsule*'Y he anterior wall of 
the capsule is formed by a small bone called 
lachrymal. It is perforated by a small lachry¬ 
mal foramen. The ventral wall of the orbit is 
formed by the Zygomatic arch. The maxilla, 
jugal and squamosal bones take part in 
the formation of the arch. An interorbital 
septum forming the inner wall as a 
partition between the two orbits is present. 
The upper part of the septum is formed by 
orbitosphenoid and the lower part is formed 
by presphenoid, {in) Otic capsule. Covering 
the membranous labyrinth, a bone called 
periotic bone is present. The shape of the 
bone is irregular and is formed by the 
fusion of three small bones. A tympanic bone 
remains firmly attached with the outer sur¬ 
face of the periotic. The tympanic bone is 
flask-shaped and base of the flask is called 
tympanic bulla while the neck is called 
external auditory meatus. Three small bones 
malleus^ incus and stapes are jointly known as 
auditory or ear ossicles. These are housed 
inside the tympanic bulla. 

Visceral skeleton. The first and second pair 
of visceral arches become modified to form 
the upper jaw, lower jaw and also help in 
the articulation of the jaw with the skull. 


Each half of the upper jaw is composed of 
three pieces of bones. They arc premaxilla, 
maxilla and jugal. Teeth are borne hv the 
premaxilla and maxilla. The roof of the 
mouth cavity is known as palate. The palate 
is formed by tin- inward projection of pre- 
maxilla, maxilla, a pair of palatines and a 
pair of pterygoids. 

The lower jaw or mandible is made up of 
two incompletely united halves. Each haff 
of the mandible is composed of a single 
piece of bone called dentary (big. 9,5). 
Teeth are present on tin 4 jaw bone. 'The 
posterior broad part of tin mandible is 
provided with three projections called 
coronoid , condylar and angular processes. The 
mandible is articulated with the squamosal 
of the upper jaw at the posterior region of 
the zygomatic arch. 

The base of the tongue is supported by 
a small bone called hyoid bone. The hyoid 
consists of a median body and two pairs of 
projections or cornua. Anterior cornua are 
connected to the periolics and the pos¬ 
terior cornua are connected to the larynx. 

vertebral column. The vertebral colu¬ 
mn is made up of 37 vertebrae arranged in 
a linear fashion. Trie vertebrae are divisible 
into five distinct types. They are: (a) Cer¬ 
vical, (b) Thoracic, (c) Lumbar, (d) Sacral 
and (e) Caudal. A cartilaginous pad called 
intervertebral disc is present between the 
su cccssive ver tebrae. 

Peculiarities of a typical vertebra. A typic al 
vertebra is build upon the same plan as in 
other vertebrates. The specialised features 
are: (i) Centrum is acoclous, that is flat in 
both surfaces. (2) Neural arch is with dis¬ 
tinct upper lamina and lower pedicel. The 
pedicel is notched to form the intervertebral 
foramen through which emerges the spinal 



m 


BIOLOGY OF ANIMALS 


nerve. (3) Pre- and postzygapophysis are 
mounted on specially developed metapo- 
physis and anapophysis. 

Cervical vertebrae. Cervical vertebrae are 
seven in number. In general, all the cer¬ 
vical vertebrae arc with small centrum 
and short neural spine. (Fig. 9.6D). The 
base of the transverse process is perforated 
by a vertebrarterial foramen through which 
the carotid artery passes. The first cervical 
vertebra is known as atlas (Fig.9.6A, B). It 


thoracic vertebrae are called anterior 
thoracic vertebrae. These vertebrae are 
provided with small and compact centrum 
and concave facets on the sides for the 
articulation of the head or capitulum of the 
rib. The neural spine of the vertebra is 
elongated, narrow and directed backward. 
The transverse process is strongly built 
and bears a facet on the ventral surface for 
articulation with the head or tuberculum 
of rib (Fig. 9.6E). Posterior thoracic vertebrae . 
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Fig. 9.f>. Different vertebrae of Cania. Anterior (A) and posterior (B) views of Atlas. G. Lateral 
view of Axis. D. Anterior view of a typical cervical vertebra. E. Side view of a thoracic vertebra. 
Anterior view (F) and lateral view (G) of a lumbar vertebra. H. Dorsal view of sacrum. 


is ring-like and its centrum is insignificant. 
Ifs neural spine is very small and the 
transverse process is small and fiat. The 
zygapophyses are absent. The anterior sur¬ 
face is provided with a pair of facets for 
receiving the occipital condyles (Fig. 9.6A). 
The neural canal is divided horizontally 
by a .fibrous ligament. The second cervical 
vertebra is known as axis. The centrum of 
the axis is broad and drawn anteriorly into 
a peg-like odontoid process (Fig. 9.60). It’s 
neural spine is compressed and the spine 
extends antcropostcriorly. The transverse 
processes are small with perforated base. 

'Thoracic vertebrae. Thoracic vertebrae are 
twelve in number and have been grouped 
into two series -(i) Anterior thoracic and 
(ii) Posterior thoracic vertebrae 

Anterior thoracic vertebrae. 'The first nine 


The last three thoracic _ vertebrae are 
called posterior thoracic vertebrae. The 
transverse process of these vertebrae is 
small and lack facets. The centrum has 
lateral facets for articulating the ribs. The 
neural spine is fiat sidewise and directed 
forward. 

Lumbar vertebrae. Lumbar vertebrae are 
seven in number. The vertebrae are large 
and the size increases from anterior to 
posterior end. The vertebrae are with well- 
developed zygapophyses, metapophysis and 
anapophysis (Fig. 9.6F, G). The neural 
spine is fiat and directed anteriorly. The 
first and second lumbar vertebrae are pro¬ 
vided with ventro-median ridges. The ridge 
is called hypapophysis. The muscles from 
the diaphragm rest on it. The transverse 
processes are large and expanded. 
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Sacral vertebrae. The four sacral vertebrae 
are fused and have formed the sacrum (Fig. 
9.hH). The sacrum is placed between the 
two halves of the pelvic girdle in a compact 
fashion. The first sacral vertebra is the 
largest and the size decreases from anterior 
to posterior end. The neural spine of sacral 
vertebra is straight. It’s transverse process 
is flat and laterally expanded. The zvga- 
pophysis is reduced, anapophysis is absent 
and metapnphysis is much reduced. 

Caudal vertebrae . Caudal vertebrae are 
seven in number and the size of the verte¬ 
brae decreases gradually from anterior to 
posterior end. There is a gradual reduction 
of the associated parts of the vertebrae and 
the last two vertebrae have nothing but 
rod-like centra. 

sternum. Sternum is present in the mid- 
ventral line of the thorax as an elongated 
and narrow rod. It is segmented and each 
segment is known as sternebra. The first 
sternebra is the largest and it articulates 
with the ill-developed clavicles. All but the 
last sternebra are provided with articulat¬ 
ing surfaces for the ribs. The last sternebra 
is called \iphistermini. The tip of the xiphi- 
slcrnum is provided with a cartilaginous 
plate called xiphoid cartilage. 

rihs. 'There are twelve pair of ribs. The 
first seven pair of ribs are extended between 
the vertebral column and sternum. 'They 
are called true ribs. 'The remaining five pair 
of ribs are either with indirect or without, 
any connection with the sternum. They are 
called false ribs. A typical rib is made up 
of two parts a bony vertebral part and a 
short and cartilaginous sternal nr costal part. 
The first nine ribs articulate with the ver¬ 
tebral column by two heads —the capitulum 
is articulated with the centrum and the 
tuberculum is articulated with the transverse 
process. 'The t.iberculum is absent in the 
last three ribs and as such they cannot 
articulate with the transverse process. 

Appendicular skeleton. The pectoral and 
pelvic girdles together with fore- and hind- 
limb bones make up the appendicular 
skeleton (Fig. 9.7). 

pectoral girdle. The pectoral girdle is 
small and no hard structure is present in 
between the two halves of the girdle. Ossi¬ 
fication of the girdle is almost total. Each 
half of the girdle is made up of scapula and 
cla'icle . The scapula is large and triangular 
in shape (Fig. 9.7B). It’s apex is provided 
’ with glenoid cavity which articulates with ihe 
head of humerus. A small coracoid process is 


present in front of the glenoid cavity. 
Suprascapula is present as a strip of cartilage 
along the broad margin of the scapula. On 
the outer region of the scapula, there is a 
bony projection or spine, flic spine ex¬ 
tends as acromion. Aeiornian gives out a 
downward process called metacromian. The 
clavicle is slender, rod-like and reduced. 
It remains embedded within the muscles. 

FOKELiMHs. From proximal to distal end 
tluT ftifeb is made up of humerus , 
radius and ulna , car pals, met neat pals and 
phalanges 'Fig. 9.7AL The humerus is 
strongly built. The proximal end of the 
humerus is round and has formed the head. 
Greater and lesser tuberosities and bicipital 
groove are located at the proximal end. A 
deltoid ridge runs along the side of the 
humerus. The distal end of the humerus is 
provided with a pullcy-hkc trochlea . Ihe 
trochlea articulates with the radius and 
ulna. 'There are two depressions just above 
the trochlea. The depression located in 
front is c;dled coronoid fossa and the one at 
the back is called olecranon fossa. A supratro¬ 
chlear foramen runs between the depressions. 
Radius and ulna are two completely sepa¬ 
rated rod-like hones but the' two lie close 
together. Radius is shorter than ulna and 
is located on the inner side. 'I he proximal 
end of the ulna is provided with a sigmoid 
notch which fits with the trochlea of hume¬ 
rus. 'The tip of the ulna is extended back¬ 
ward as olecranon process which forms the 
elhow point. The distal ends of both radius 
and ulna are provided with articulating 
surfaces. The • arpal bones are seven in 
number and they are arranged in two row's. 
The three proximal (‘arpal bones ol the 
first row are know'll as radiate , intermedium 
and nlnare. The distal row contains four 
small bones and a small pisiform hone .T here 
are four metacarpal bones forming the 
palm region of the forelimb. There are four 
digits and each digil is made up of three 
phalanges. The terminal phalanx in each 
digit ends in claws. 

pelvic girdle. The pelvic girdle is made 
up of two strongly built halves (Fig. 9.7 
Dj), each half being known as os innorni- 
natum. Each half is composed of three bones 
— ilium, ischium and pubis (Fig. 9.7T) 2 ). 
Symphysis or union between the two halves 
occurs at the region of pubis. 'The ilium 
and ischium remain free. 'The symphysis 
is called pubic symphysis. Ilium is long, 
blade-like and articulates’with the sacrum 
along the side. Ischium is the posterior 
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continuation of the ilium* and forms the 
posterior one third of the girdle. Pubis is 
small and curved. One end of it is united 
with the ilium and the other end is united 
with the ischium. It occupies the ventral 
position. A large gap called obturator fora¬ 
men is present between pubis and ischium. 
A socket called acetabulum is present. It is 
formed by the contribution of both is¬ 
chium and pubis. 

i UNO limb. The hindlimb is made up of* 
the following bones along its proximal to 
distal axis. The bones are (i) femur , (it) 


tibia and fibula, ( iii ) tar sals, (iv) metatarsals 
and (?;) phalanges (Fig. 9*7C). Femur is a 
long and stout bone. The proximal end 
of the femur has become round to form 
the head. The head fits in the acetabulum 
of the pelvic girdle. Three elevated areas 
called greater trochanter , lesser trochanter and 
third trochanter are located near the head. 
Two round condyles mark the distal 
end of the femur* The condyles are 
separated from each other by a patellar 
groove. Tibia and fibula arc long rod-like 
bones. 'They arc united at their proximal 
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Fig. 9.7. Appendicular skeleton of Cauia. A. Forelimb. B. Scapula (left half). G. Hiudtiinb. Dp 
Ventral view of pelvic girdle. D 2 . Side view of an os innominatum. 
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and distal tips but are separated in the 
middle. Tibia is strong and well deve¬ 
loped and fibula is ill developed and thin. 
A ridge called cnemial crest is present on the 
tibia. Tarsals are six in number and they 
are arranged in three rows. The proximal 
row houses two bones called astragalus and 
calcaneum . In the middle row there is a 
single piece called navicular. The distal 
row houses three small tarsal bones. There 
arc three long metatarsal bones forming 
the foot. Three digits are present in the. 
hindlimb. Each digit is made up of three 
phalanges. The terminal phalanx is provid¬ 
ed with claw. 

DIGESTIVE SYSTEM 

The digestive system is constituted by 
the alimentary canal and the digest ire glands 
(Fig. 9*8). The basic plan on which the 
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Fig. 9.8. Digestive system o i'Cavia. 


digestive system, rests is same as in other 
vertebrates but individual variation is pre¬ 
sent. 

Alimentary canal. It is a Jong tube 
starting from mouth to anus. Hut the tube 
is demarked into dilfereut regions. The 
function of each region is different. Dis¬ 
cussion on the different regions of the ali¬ 
mentary canal is given below. Mouth. The 
alimentary canal begins from the mouth. 
It is a transverse aperture and is guarded 
by two soft and movable lips. The upper 
lip is provided with a deft in the middle. 
Buccal cavity. Mouth leads to the buccal 
cavity. The roof of the buccal cavilv is 
formed by a palate. The. anterior portion of 
the palate is called hard palate . The suppor¬ 
ting bones present at this portion make it 
hard. As no supporting bone is present, 
the posterior portion of the palate is soft 
and is known as soft palate. The palate 
separates the mouth eavitv from the nasal 
passage. The floor of the buccal cavity 
houses the tongue . The anterior end of the 
longue is free and the posterior end is 
attached with the Moor. The tongue is* 
muscular and movable. The upper surface 
of the tongue is rough and contains nume¬ 
rous papillae or taste buds. Both the jaws are 
provided with teeth. The teeth help in 
ingesting food. The teeth are thecodont , 
heterodonl and diphydont. Dental formula is 

1 0 ! S ^'h*- incisors arc long, chisel-shaped 

and c an be seen from out side*. Canines are 
absent and as a result a gap called diastema 
has appeared between the incisor and pre- 
molar. A tooth has two parts, crown and 
root. The crown is the visible* part and the 
root remains embedded in a socket on the 
jaws. The tooth is made up of a substance 
called dentine. The dentine of the root re¬ 
gion remains covered by cement while the 
crown region of the tooth remains covered 
by hard and shiny enamel. Each tooth bears 
an inner pulp cavity. This cavity remains 
filled up with jelly like pulp, blood vessels 
and nerves. 

Pharynx. Buccal cavity leads to another 
chamber called pharynx. The dorsal part of 
the pharynx is called nasopharynx and the 
ventral part is called bucco-pharynx. Paired 
internal nostrils and eustachian tubes enter 
into the naso-pharynx. The posterior 
margin of the soft palate extends into the 
naso-pharynx as velum. The two sides of the 
velum is provided with a peculiar lym- 
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phoid tissue t:alled tonsil. A slit called glottis 
is present on the floor of the bucco-pharynx 
just posterior to the longue. The glottis 
communicates with the respiratory tube 
and is guarded by a cartilaginous flap call¬ 
ed epiglottis. Posteriorly the bucco-pharynx 
opens into the oesophagus through an aper¬ 
ture called gullet. Oesophagus. Oesophagus 
is a long tube running along the niidvcntral 
line of the neck region. It runs through the 
thoracic: region and alter passing through 
the diaphragm opens into the stomach. 

Stomach. Stomach is a highly muscular 
and glandular sac. The inner concave side 
of (he stomach is called lesser curvature and 
the outer convex surface is called greater 
curvature. The end of thdstomach towards 
the oesophagus is called the cardiac end and 
its opposite end is called pyloric end. Because 
of a twisting, the cardiac end has taken a 
position towards the left and pyloric end 
has taken a position towards the right in 
the abdominal cavity. The opening at the 
pyloric end is guarded by a valve called* 
pyloric sphincter. Intestine. The remaining 
part of (he alimentary canal is known as 
intestine. x ll is divisible into duodenum, 
ileum and large intestine. The duodenum 
begins from the pyloric end of the stomach 
and forms a TJ’-shaped loop. The ileum 
is a much coiled continuation of the duo¬ 
denum. The coiled loops of the ileum are 
field in position by folds of mesenteries. Flic 
ileum opens into the large intestine and the 
opening is guarded by an iliocoelie valve. 
The large intestine is wide and is divisible 
into proximal colon and distal rectum. The 
colon is coiled and beaded in parts while the 
rectum is straight. A large blind sat' called 
caecum is present at the poirn of opening of 
the ileum into the colon. Anus. The termi¬ 
nal part of the alimentary canal is repre¬ 
sented by an aperture called anus. The anus 
is guarded by sphincter muscle. 

Digestive glands. The different diges¬ 
tive glands that help the process of diges¬ 
tion are listed below. 

Salivary glands. Four pair* of salivary 
glands are present. Parotid glands arc loca¬ 
ted near the angle of the mandible. Sub- 
maxillary glands are situavd on the floor of 
the buccal cavity. Sublingual glands lie 
beneath the tongue and Infraorbital glands 
are located beneath the eye. All the glands 
have separate openings into the buccal 
cavity through ducts. The secretion of the 
salivary glands is known as saliva. Saliva 


helps in moistening food and contains an 
enzyme called ptyalin. 

Liver. It is a massive gland located be¬ 
neath the diaphragm and above the sto¬ 
mach. It is a five-lohcd structure and re¬ 
mains attached to the diaphragm by falci¬ 
form ligament. The secretion of the liver 
is bile. Bile is kept temporarily stored in a 
pyriform gall bladder lodged between 3rd 
and 4th lobe of the liver. A common bile 
duct formed by the union of hepatic duct 
(from liver) and cystic duct (from gall 
bladder) carries bile to the duodenum. 
Pancreas. It is a whitish, elongated and 
irregular shaped gland located between the 
limbs of the duodenum. The secretion of 
the pancreas is known as pancreatic juice. 
Flic juice is carried to the distal part of the 
duodenum by a pancreatic duct. Gastric 
glands. Innumerable gastric glands are 
present along the inner lining of the sto¬ 
mach. The juice produced by these glands 
is known as gastric juice. Intestinal glands. 
Numerous glands are present in the inner 
lining of the duodenum and intestine. 

Mechanism of digestion. The mecha¬ 
nism of digestion may be divided into three 
steps. The steps are ingestion, digestion 
and egestion. 

Ingestion. Young guincapigs live on the 
milk secreted from die mammary glands of 
the mother. They suck the glands to get the 
milk. Adults are vegetarian' and herbivo¬ 
rous. The food is taken by the help of the 
teeth and chewed. Digestion. Digestion 
begins in the buccal cavity. The amylolytic 
enzyme, ptyalin. present in the saliva 
breaks down starch into mallase. The mas¬ 
ticated food inside the stomach comes into 
contact with the gastric juice containing 
hydrochloric acid in low concentration, 
pepsin and renin. HC1 hydrolyses the food 
and the enzyme pepsin converts protein 
into peptone. The enzyme renin coagulates 
the protein of the milk. The partially di¬ 
gested food within the stomach is known 
at this stage as acid chyme. It passes slowly 
into the duodenum. The flow is regulated 
by the pyloric sphincter. Within the duo¬ 
denum the chyme comes in contact with 
bile and pancreatic juice. The bile and 
pancreatic juice being alkaline in nature 
neutralise the acidity of the chyme. The 
chyme then passes to the intestine and 
becomes subjected to the secretion of the 
intestinal glands. The intestinal glands 
secrete trypsin , erepsin and lipase. They 
convert peptones into amino acids. The 
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enzyme lipase breaks the fats of the food 
into fatty acid and glycerol . Another en¬ 
zyme amylase converts starch into glucose. 
Thus the final products are the amino 
acids, fatty acid, glycerol and glucose. They 
are taken into the blood stream from the 
lining of the small intestine. Water is 
absorbed from the large intestine. Egestion. 
After water being absorbed, the residual 
matter is kept stored temporarily in the 
rectum. Finally, the stored matter called 
faeces is voided through the anus in the 
form of small pellets, 'l’lic faecal pellets 
passed in day time are dry and hard 
but those passed at night are soft with 
mucus. The guineapigs are in the habit of 
taking the soft nocturnal faeces (copro- 
phagy). 

Spleen 

It is an elongated brown coloured organ. 
It is morphologically connected with the 
alimentary canal, being situated on the 
dorsal side of stomach by a fold of mesen¬ 
tery. Spleen is devoid of any duel, and 
does not produce any hormone, h is 
believed that it destroys old red blood cor¬ 
puscles. 

RESPIRATORY SYSTEM 

Respiration in ("avia is aerial. Lungs 
are the site w iiere gaseous exchange 
occurs. The air from the environment 
passes through a long tract before enter¬ 
ing the lungs, f ollowing are the different 
regions of the respiratory tract: (/) External 
nares. These are paired openings situated 
at the tip of the snout. («) Nasal cavities. 
These are paired cavities separated from 
each other by a nasal septum. (Hi) Internal 
nares. These are paired openings of the 
nasal cavities, (iv) Naso-pharynx. It is the 
part of the pharynx where the internal 
nares open, (z/) Glottis. It is an aperture 
on the floor of the buccal cavity. A 
cartilaginous flap called epiglottis forms a 
cover over the glottis, (vi) Larynx. It is 
a chamber, formed by four cartilages. A 
thyroid cartilage (Fig. 9.9) forms the ventral 
and lateral sides. A pair of small arytenoid 
cartilages form the dorsal wall and a cir¬ 
cular cricoid cartilage forms the posterior 
part. The cavity of the larynx bears a pair 
of elastic bands called vocal cords . The 
vocal cords are kept separated by a narrow 
rima glottis . Sound production is done with 
the help of the vocal cords. ( vii ) Trachea. It 
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is a long tube. Jt emerges from the larynx 
and runs midventrally through the neck. 
It is encircled by series of transverse carti¬ 
laginous rings. The rings are incomplete on 
the dorsal side, (viii) Bronchus. The trachea 
after entering into the thorax bifurcates 
into two branches forming the right and 
left bronchi. Each bronchus enters into the 
Jung of the corresponding side and breaks 
up into finer bronchioles, (ix) Lungs. The 



lungs arc housed in the thoracic cavity. 
They are spongy and elastic. Each lung 
is enclosed by a iwo-layered pleural sheath. 
T he left lung is three lobed. An additional 
lobe called azygos lobe is present in the right 
lung. The outer layer of the pleural sheath 
is called parietal pleura and the inner layer 
is called visceral pleura . T he two layers of the 
pleura are united at the apex of the lungs. 
The bronchioles, within the iungs, break 
up to form finer ducts called alveolar ducts. 
The wall of the alveolar ducts forms 
alveolus . The pulmonary blood vessels form 
network on the wall of the alveoli. 






354 


BIOLOGY OF ANIMALS 


Mechanism of respiration. Gaseous 
exchange takes place on the surface of the 
lungs. The entire process of physical res¬ 
piration may be resolved into Inspiration 
and Expiration. In inspiration the inter¬ 
costal muscles contract to raise the ribs. 
This act increases the thoracic cavity^The 
diaphragm at the same time flattens to 
increase the chest cavity antcro-postcriorly. 
Increase of thoracic* cavity permits the 
lungs to expand. By expanding the lungs 
the air from outside is drawn in. The air 
from outside rushes through the respiratory 
tract and the air ultimately reaches the 
alveoli for aerating blood. In expiration, 
the retraction of intercostal muscles and 
diaphragm brings the thoracic cage back to 
its normal state and thus exerts pressure 
on the lungs. This pressure drives the air 
from lungs to the outside. Some air called 
residual air always remains captive inside 
the lungs. 

Cl RGULATORY SYSTEM 

Two distinct circulatory fluids, namely, 
blood and lymph circulate through 
the circulatory system of the body. Blood 
flows through well defined blood vessels 
and is pumped by an organ called 
heart. The lymph flows through lymph 
vessels and intercellular spaces. Several 
contractile lymph hearts force the flow 
of lymph. The blood vascular system is 


formed by (a) blood, ( b ) heart and (c) 
blood vessels while the (a) lymph ( b) 
lymph vessels and (c) lymph hearts consti¬ 
tute the lymphatic system. 

Blood vascular system 

Blood. Blood consists of liquid plasma and 
many corpuscles floating in the plasma. 
The plasma is a pale yellow fluid and con¬ 
tains various inorganic salts, vitamins and 
hormones. There are three different types 
of blood corpuscles. They are erythrocytes , 
leucocytes and thrombocytes. Erythrocytes or red 
blood corpuscles or R.B.C. are round and bi¬ 
concave. Mature erythrocytes are non- 
nudealed and contain a red pigment called 
haemoglobin. Haemoglobin renders red 
colour to the blood. It has a strong but 
loose affinity for oxygen. The red blood 
cells carry oxygen from lungs to different, 
parts of the body and carry back carbon- 
dioxide from different parts of the body to 
the lungs, leucocytes or while blood corpuscles 
or W.B.C. are larger than R.B.C. and their 
number is much less than R.B.C. The 
leucocytes arc of different types and their 
classification is dependent upon the struc¬ 
ture of nucleus and slainability of the 
cytoplasmic granules. These cells move in 
amoeboid fashion and act as scavengers of 
the body. Thrombocytes or blood-platelets arc 
small and nonnucleated. They occur in 
groups. In case of injury these cells break 



Fig. 9.10. Schematic sectional (longitudinal) view of the heart and the associated blood vessels 
of Cavia. Note the emergence of left aortic and pulmonary arches from the left and right ventricular 

cavities respectively. 
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v down and produce an enzyme which 
coagulates the blood and thereby prevents 
loss of blood. 

Heart. The heart is located in a space 
within the thorax between the two pleural 
bags. The space is known as mediastinum. 
The heart is triangular in shape and is 
covered over by a thin peritoneal mem- 

* branc called pericardium. The apex of the 
v heart occupies a position slightly towards 

the left of the thoracic cavity. The heart 
is four chambered being formed by two 
auricles and two ventricles (Fig. 9.10). 
Sinus venosus is absent. The auricles are thin 
walled and a partition called uilerauricnlar 
septum is present between the left and 
> right auricles. The intcrauricular septum 
4 bears a small depression in the middle. The 
depression is called fossa oval is. During 
embryonic stage an aperture caWcd foramen 
ovale remains present at the region of fossa 
ovalis. This aperture, however, becomes 
closed before the birth of the animal. The 
ventricles are thick walled. A partition 
called interventricular septum is present bet¬ 
ween the right and left ventricles. The left 
ventricle is larger and more muscular than 
the right ventricle. The inner wall of the 
i ventricles is provided with muscular ridges 
called columnar carnae. Strands of muscles 
called chordae lendinae are present between 
the flaps of the ventricular valves and the 
inner wall of the ventricle. 

The right auricle receives deoxygenalcd 
blood from the right prccaval vein (or right 
superior vena cava), the post caval vein (or 
inferior vena cava) and from the coronary 
# vein (which drains blood from the muscles 
^ of the heart). These three openings are sepa¬ 
rate. The right auricle pours blood into the 
right ventricle through the auriculoveniri - 
cular orifice. The aperture is guarded by a 
tricuspid valve. Three membranous flaps 
formed by the duplication of the inner 
lining membrane of the heart form the 
valve. The flaps remain attached to the 
. wall of the ventricle through strands of 
v muscles. The valve prevents the back flow 

* of blood from ventricle to auricle. The 
pulmonary arch arises from the right 
ventricle. and the opening of the arch is 
guarded by three semilunar valves. 

The left auricle receives oxygenated 
blood from the pulmonary veins through 

* four separate apertures. The left auricle 
- opens into the left ventricle. The left auri- 
^ ouloventricular aperture is guarded by a 

bicuspid or mitral valve. The biscuspid valve 


has two flaps ancf is formed in the same way 
as those of tricuspid valve. The chordae 
lendinae are also associated with the (laps. 
The arch of the aorta arises from the left 
ventricle and the aperture between the 
two is guarded by three semilunar valves. 

Mechanism of circulation through heart. 
The heart works day and night by alternate 
contraction (systole) and relaxation (dias¬ 
tole). The two auricles begin their systole 
at the same time and blood from both the 
auricles is forced into both the. ventricles. 
Deoxygenalcd blood goes to the right ven¬ 
tricle and oxygenated blood comes to the 
left ventricle. The back How of blood is pre¬ 
vented by the auriculovenlricular vahes. 
The ventricles thus filled up with blood 
start systole! In this phase the aurieulo- 
ventricular valves become closed ancl blood 
from the right ventricle is forced through 
the pulmonary arch while that from the 
left ventricle is forced through the left 
aortic arch. The ventricular systole is fol¬ 
lowed by a phase of diastole of the whole 
heart. At this stage the semilunar valves 
remain closed, deoxygciiated blood from 
the caval veins enters the right auricle and 
oxygenated blond from pulmonary veins 
enters the left auricle. 

Blood vessels. Blood is conveyed from the 
heart to the different -parts of the body 
through well developed blood vessels. 
These vessels form a well-knit circuit in¬ 
side the body. This type of circulation is 
known as closed circulation. Oxygenated 
blood is carried away from the heart: by 
arteries (excepting pulmonary artery) and 
deoxygenated blood is carried to the heart 
by veins (excepting pulmonary vein). The 
arteries break up into arterioles which in 
turn break up into arterial capillaries. The 
arterial capillaries unite with venous capil¬ 
laries and make up a capillary net work. 
The venous capillaries unite and form 
venules. The venules form the veins and 
thus a close circuit is built. 

Arterial system 

Two main arches come out from the 
heart. These are pulmonary and aortic 
arches (Fig. 9.11). Pulmonary arch emerges 
from the right ventricle and the left aortic 
arch emerges from the left ventricle. 
Semilunar valves are present at the base 
of each of the openings. . 

The pulmonary arch carries deoxygena¬ 
ted blood. Soon after its emergence from the 
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right ventricle it bifurcates into two bran¬ 
ches. One branch goes lo the left lung and 
the other branch enters the right lung. 

external carotid artery 

[//■ --internal carotid 

Y/ artery 


, common carotid 
artery 

innominate artery 

vertebral artery 

!i_ br,ac * iiai ariery 

^internal mammary 
artery 

left subclavian 
artery 

pulmonary artery 

j ^ y intercostal arteries 
3 r/ diaphragm 



dorsal aorta 


coeliacomesenteric 
artery 



_common iliac 

artery 

V.— external iliac 
artery 


internal iliac artery 
l’ig. 9.11. Arterial system oi' Curia. 


Aortic arch. The left aortic arch is only 
present. After emerging from the left ven¬ 
tricle this aortic arch turns to left anterior 
to the heart and curves down posteriorly 
to take up dorsal position. This part of the 
aortic arch behind the heart is known as 
dorsal aorta. The branches that are given out 
by,the left aorta and dorsal aorta are the 
f (mowing: Coronary artery. One pair of coro¬ 
nary arteries originate from the base of 
aortic arch. It supplies blood to cardiac 
tissue. Innominate artery. It is a short but 
stout artery and originates from the middle 
of the arch. It gives off three branches. 


These branches arc: a pair of carotids and 
right subclavian. The subclavian comes out 
first. It gives off the following branches— 

(z) Brachial artery supplying the right fore¬ 
limb, (ii) Internal mammary ariery supplying 
ventral body wall and (Hi) Vertebral artery 
supplying the vertebral column. The two 
carotid arteries run anteriorly along the 
lateral sides of the neck. Each artery breaks * 
up near the head region into interna! carotid 
and external carotid arteries. External carotid 
supplies blood to the external parts of 
head and internal carotid supplies blood 
to the brain. 

Left subclavian artery. The left subclavian 
arises from the curved point, of the arch. 
Likewise the right subclavian, it gives off/ 
three branches which supply blood to the 
similar organs of the right side. Intercostal 
arteries. Five or six pairs of intercostal arte¬ 
ries emerge out from the dorsal aorta to 
supply blood to the wall of the thorax and 
intercostal muscles of the ribs. Phrenic arte¬ 
ries. A pair of phrenic arteries is given out 
from the dorsal aorta. These arteries supply 
blood lo the diaphragm. Coeliacomesenteric 
artery. A stout unpaired artery emerges 
from the abdominal part of the dorsal . 
aorta. It soon divides into coeliac and 
anterior mesenteric branch cs^tfocliac supplies 
blood to stomach, spleen and liver and the 
anterior mesenteric branch supplies blood 
to duodenum, ileum and 'mesenteric folds. 
Rena! arteries. A pair of renal arteries arises 
from the dorsal aorta and supply blood to 
the kidneys. Genital arteries. A pair of genual 
arteries originates from the dorsal aorta and 
supply blood to the gonads. Lumbar arteries. ^ 
Four pairs of lumbar arteries come out 
from the dorsal aorta and supply blood to 
the dorsal side, of the abdominal body wall. 
Posterior mesenteric ariery. A median posterior 
mesenteric ariery is located between the f 
1st and 2nd lumbar arteries. It supplies t 
blood to the large intestine and posterior y 
mesenteries. Coccygeal artery. A slender and 
unpaired branch comes out from the point ~ 
of bifurcation of the dorsal aorta and sup- ■■ 
plies blood to the sacral and coccygeal re¬ 
gions of the vertebral column. 

At the posteriormost end of the abdomi¬ 
nal cavity, the dorsal aorta bifurcates to 
form the left and right iliac arteries . Each 
i li ac ar tery agai n bifureates into ex ternal iliac 
and internal iliac . The internal iliac supplies ■ 
blood to ventral body wail and posterior 
part of urinary and genital systems. The 
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(viii) Cerebellum is enlarged, folded and 
divided into a median vermis and two 
lateral lobes. Each lateral lobe is with a 
short flocculus. A broad "band called pons 
varolii is present on the ventral side of the 
cerebellum. 

( ix ) Medulla oblongata is prominent and 
carries a vascularised posterior choroid plexus 
on its non-nervous roof. 

Spinal cord. The spinal cord is the conti¬ 
nuation of the brain which runs up to the 
posleriormost end through the neural 
canal of vertebral column. Posteriorly the 
spinal cord forms a narrow, triangular 
cone, called conus terminalis, from which 
bunch of nerves arise. These are called 
Jilum terminate. In the brachial and lumbar 
regions, the spinal cord is slightly swollen. 

Peripheral nervous system 

It includes nerves which are given out 
from brain and spinal cord. The nerves 
from the brain are called cranial nerves and 
those from the spinal cord are called spinal 
nerves. 


external carotid artery 
internal carotic artery \ 

/Rvi 

internal ' Ul|! 

jugular 
vein 


glossopharyngeal 
nerve 
/ 

/ 


nerve 



Fig. 9.M. Dissection of the neck region in Covin, 
showing the distribution of the main neck nerves 
(left side) and main blood vessels (right side). 


Twelve pairs of cranial nerves are pre¬ 
sent. The origin and distribution of the 
cranial nerves in Cavia are basically simi¬ 


lar to the cranyil nerves of Bufo and Calotes 
already described ( vide pages 212-213 and 
254-255). 

The tenth or vagus nerve after forming 
the vagusganglionsends a branch called car¬ 
diac depressor to the heart, and a branch ante¬ 
rior laryngeal to the larynx. The main trunk 
runs posteriorly through the neck region 
(Fig. 9.14). Near thorax, the main trunk 
sends a branch called recurrent laryngeal , 
which in the left side curves around aorta 
and around subclavian in the right side, 
and finally turns anteriorly to supply the 
larynx. After entering the thoracic cavity, 
vagus sends usual branches to lungs, heart 
and other visceral organs. Figs. 9.15 and 
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branch (V) 
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inferior ophthalmic superior 
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Jbranch(V) 
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nerve ||!:^ nerve 
(facial) (trigeminal) 


Fig. 9.15. Showing the origin and distribution 
of the fifth and seventh cranial nerves of Cavia. 


9.16 show the origin and distribution of the 
fifth and seventh; niueth and tenth cranial 
nerves of Cavia respectively. 

The eleventh cranial nerve or spinal 
accessory originates from the lateral side 
of medulla oblongata and innervates the 
muscles of neck region. A branch of it 
called ramus internus supplies nerves to the 
muscles of pharynx and larynx. This is a 
motor nerve. The twelfth cranial nerve 
of hypoglossal begins from the mid ventral 
region of the medulla oblongata and inner¬ 
vates the longue muscles through a num¬ 
ber of branches. This is a motor nerve. 

Thirty two pairs of spinal nerves are 
built up in the same plan as that of toad. 
On each side, the fourth and fifth spinal 
nerves of the cervical 'region unite as 
phrenic nerve to supply the muscles of the 
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diaphragm. The brachial plexus is formed by 
the participation of first four nerves in the 
cervical region and first thoracic nerve. It 



vagus nerve- 



- recurrent laryngeal 
branch 


"cardiac branch 


,pulmonary branches 


_gastric branch 


Fig. 9. Hi. Showing the origin and distribution of 
ninth and tenth cranial nerves of Cavia. 

innervates the forelimbs. Hindlimb is 
innervated by sciatic plexus , which is formed 
by last two lumbar nerves and sacral 
nerves. 

Autonomic nervous system 

It is built up in the same amphibian 
plan and consists of a pair of sympathetic 
nerve cords, one on each side of the aorta. 
Each cord bears one anterior and one pos¬ 
terior cervical ganglia. 

SENSE ORGANS 

* 

To receive different types of stimuli, 
there are different categories of receptors. 


The stimuli in the form of touch, pain and 
temperature are received by numerous free 
nerve endings or encapsulated corpuscles which 
remain scattered within the superficial 
layer of the skin. Taste is determined by 
group of specialised cells which remain 
within the papillae on the surface of the 
tongue. These sensory papillae are called 
taste buds. Smell is perceived by specially 
sensory olfactory cells which are distributed 
in the mucous membrane of nasal cavity. 
Eyes and cars are much specialised recep¬ 
tor organs for receiving stimuli in the form 
of light: and sound respectively. Ears, in 
addition to hearing, are also responsible 
for maintaining balance. 

Eyes. Eyes are built up in typical verte¬ 
brate plan (Fig. 9.17). The upper and 



Fig. 9.17. Sectional view of eye of Car in. 


lower eyelids are provided with hairs 
called eye lashes. Special features in the eyes 
of Guineapig are: (1) Presence oflacrymal 
gland on the upper side of each eve ball. 
It sccertes a fluid called tear which cleans 
and lubricates the surface of the eye. (2) 
Lens is biconvex and focussing is done by 
changing the curvature of lens through the 
ciliary muscles. (3) Retina possesses both 
rod and cone cells. The former determines 
the intensity of light while the latter func¬ 
tion to adjudge colours. Fig. 9.18 gives an 
idea of the microscopic structures of re¬ 
tina. 

Ear. Each ear is divisible into (a) exter¬ 
nal ear, ( b ) middle ear and ( c ) internal 
ear (Fig. 9.19). 
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Fig. 9.19. Diagrammatic view of the ear pf Cavia. 


External ear. It consists of a movable, 
flap-like pinna and a canal called external 
auditory meatus. Pinna is responsible for 
collecting sound wave and sending it 
inside the ear through external auditory 
meatus. 


Middle ear. Tlic external ear is separated 
horn the middle ear by a tightly stretched 
membrane called tympanum. The middle 
ear is in communication with buccal cavity 
by a canal called eustachian lube. Within the 
middle ear, tympanum is connected with 
the internal ear by three ear ossicles — 
elongated malleus , slightly bent incus and 
triangular, ring-like stapes. Malleus is 
attached with the tympanum and stapes 
is attached with (he opening in the wall of 
internal ear, called fenestra oval is. The incus 
is present in between the two. The car 
ossicles are responsible for carrying the 
sound waves to (he internal ear and the 
eustachian tube is lor regulating the equili¬ 
brium ol almosphciic pressure. 

Internal ear. It consists of a bony 
labyrinth which is Filled up with a fluid 
called perilymph. Within the perilymph 
a membranous labyrinth is suspended which 
contains another fluid called anlolymph. The 
membranous labyrinth consists of follow¬ 
ing parts lower sacculus , at the top of 
which lies the utriculus with which three semi¬ 
circular canals are connected. The sacculus is 
drawn into a spirally coiled cochlea which * 
contains special receptor cells called organ 
of Corli. Fig. 9.20 shows die details of 



Fig. 9.20. Cross-section of rodiloa of Cavia show¬ 
ing the location of the* organ of tlorti. 


cochlea in cross-section. The bony cochlear 
canal encloses three cavities. The scala 
vestibuli is bounded by the vestibular mem¬ 
brane and located abo've the cochlear 
duct. The scala tympani is situated below 
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the cochlear duct. The s$ala media is the 
cavity of the cochlear duct itself. The scala 
vestibuli and scala tympani are the peri¬ 
lymphatic spaces, while the scala media is 
filled with endolymph. The Reissner’s 
membrane and basilar membrane are the 
deinarkating partitions between the three 
cavities as in the figure. The organ of Cord, 
the receptor apparatus for hearing, is sup¬ 
ported on the basilar membrane inside the 
cochlear duct. The organ of Corti is com¬ 
posed of differentiated cells arranged in 
orderly rows. The semicircular canals, 
ulriculus and sacculus are responsible for 
balancing. 

ENDOCRINE SYSTEM 

The chemical co-ordination within the 
body is done by seveial ductless glands 
called endocrine glands. These glands pour 
their contents directly in the blood, f ol¬ 
lowing endocrine glands are present: 
Thyroid gland. Il is placed beneath the 
thyroid cartilage of the larynx. It is a soft, 
two-lobcd structure. It secretes an iodine 
containing compound called thyroxine. It 
is responsible for the growth of the animal. 
Parathyroid glands. Two pairs of round 
glands are present in close association with 
the thyroid. The secretion is responsible for 
calcium and phosphorus metabolism and 
thus helps in bone formation. Thymus 
gland. It is a soil, pink coloured gland 
present near the base of the aorta. In the 
young, it is large and the size, gradually 
diminishes with age. Its secretion retards 
untimely sexual maturity. Pituitary 
gland. Most impoilanl of ail endocrine 
glands, it is present on the hypophysis 
of the dienccphalon. 'Through its secretion 
it not only controls important vital acti¬ 
vities but also controls the functioning of 
other vital glands. Adrenal gland. This 
gland is present in front of each kidney as 
a yellow and soft body. It is distinctly 
separated into two regions—cortex and 
medulla. 1 formones produced by both the 
parts are important. The secretion of 
medullary part called adrenaline iniiuenccs 
the sympathetic activity. Islets of Lan- 
gerhans. These arc present as minute 
patches within the pancreas. It produces 
insulin. Insulin controls the level of sugar in 
blood. Gonads. The activity of duct less 
glands affects the working of reproductive 
organs and specially the development of 
secondary sexual characters. 


EXCRETORY SYSTEM 

Removal of nitrogenous metabolic wastes 
and excess of water is done by a pair of 
kidneys. The kidneys together with several 
other structures constitute the excretory 
system. 

A pair of metanephric kidneys is located on 
the dorsal posterior side of the abdominal 
cavity. The kidneys are retroperitoneal in 
position. The two kidneys are not located on 
the same line. The right kidney is situated 
little up from the level of the left kidney. 
The bean-shaped kidneys are notched on 
their inner surfaces. The notched region is 
called lulus. Renal artery and renal vein en¬ 
ter into the kidney through hilus. Internally 
each kidney presents two regions. The cor¬ 
tex is outer and medulla is inner in position. 
Each kidney is made up of a number of 
nephrons. Each nephron is made up of a 
Bowmans capsule having a tufi: of capillaries 
called glomerulus inside and a long Con¬ 
voluted tube differentiated into proximal 
tubule , loop of 1/enle and distal tubule (Fig. 
9.21). The cortex houses the Bowman’s 
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Fig. 9.21. A nephron of Coma. A. A complete 
unit: B, An enlarged view of a renal corpuscle. 


capsules and medulla houses the tubules. 
All the tubules converge and open into 
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loiind in India, Ceylon, Australia and Africa. They 
are included under the suborder Mcgachiroptcra. 
The head of Ptcropus is fox-like with long snout 
and large eyes. Tail is absent and the body is 
covered with brown fur. It is frugivorous in habit. 

dksmodus. Desmodus for vampire bat) is a mem¬ 
ber of the suborder Microehiroptera and is found 
in South America. They are small bats. 'The snout 
ts small. The first digit of the forelimb hears claw. 
The tail is present. Pinna is large with lobe called 
tragus. Foliacrous nose folds around the nose is 
present (Fig. 9.26D). The molars bear transverse 
grooves. 11 is sanguinivorous and takes the blood of 
cattle by cutting the skin with its sharp teeth. 
'The pyloric stomach bears a pair of sacs for 
storage of blood. 

dasvpus. Dasy/ms for armadillo) is a member of 
the order Fdrntata (Fig. 9.27A). They are distri¬ 
buted in Central and South America. Armadillos 



’ Fig. 9.27. Some interesting mammals (Could.). 
A. Dasyfms. B. Brady (ms. 


possess an armour of bony dermal plates or osteo- 
Her ms entered over by epidermal scales. The armour 

forms two large shields-.one on the scapular region 

and the other on the pelvic region. 3 to 9 bands of 
transverse armouis are present between the sca¬ 
pular and pelvic shields. 'They are fossorial and 
nocturnal. The tongue is long and prolrusiblc. 
They feed oiTinseets. 

brady prs. Bradyfm (or the thrcc-toed sloth) is a 
member of the order Edentata (Fig. 9.27B). It is 
found in the rain forests of Central and South- 
Ameriea. It is an arboreal animal and can walk on 
land with great difficulty. The forelimbs are longer 
than the hindlimbs. Each limb bears three digits. 
The digits are provided with hook like-claws. The 


animals hang upside down and because of 
habitually inverted position the hairs are directed 
in reverse order. They are nocturnal, vegetarian 
and very sluggish in habit. 

manis. Marris (or scaly ant-eater or pangolin) is 
a member of the order Pholidota. These burrowing 
and terrestrial animals are found in India and 
Africa. The body of Manis is covered with large 
aiul round epidermal scales. Some coarse hairs pro¬ 
ject out between the scales. The limbs are short 
and strongly built. The digits bear claws. They 
are plantigrade animals. They can climb trees. 
'Tongue is long. They live on ants and termites. 

i.E\ftTR. Lemur belongs to suborder Lcmuroidca 
of the order Primate. They are found today in 
Madagascar. The head is fox-like and the upper 
lip is with deft. The eves are directed sideways and 
as a result vision is not binocular. The mammae 
arc thorac ic and inguinal. Penis has as fmris. The 
tail is long but not prehensile. ’The digits are pro¬ 
vided with flat nails excepting the second digit of 
the foot which is clawed. They are nocturnal, timid 
and arboreal. The voice is loud. 

tarniijs. Tarsias (Fig. 9.28) be longs to suborder . 
Tarsioidea and is found in Indo-Malaya and 
Phillipines. It is a small (about G inches) mammal 
with long pinnae. Eyes arc large, protruding and 
directed forward. Hindlirnbs are longer than the 
forelimbs. The tarsus of the hindlimb is elonga¬ 
ted and hence the name of the animal is Tarsius. 
The limbs are with five digits and adhesive pads 
are present in the hand and foot. The digits are 
provided with nails but the 2nd and 3rd digits of 
the foot is provided with claws. The tail is Jong 
with tuft of hairs at the up. Head can be turned 
180 without turning (he body. It is nocturnal, 



Fig. 9.28. Some interesting mammals (Could.). 
Tarsius. 

insectivorous and lives in pairs in the hollows of 
the trees. 

.\louatta. Alouatta (or howling monkey) is a 
new world monkey belonging to the suborder 
Amhropoidca. It lives in the forests of South 
America. This is an uglv-looking monkey. The 
colour of the hairs is black or brown. The hairs 
on the forehead are directed backwards while 
those on the head are directed forwards. 
Body and limbs are slender and the tail is 
prehensile. These animals can make a loud 
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howling. The howling apparatus consists of an 
ossified bag-like outgrowth of the larynx which acts 
as resonator and a much enlarged hell-shaped 
hyoid with pharyngeal air sacs. Co-operation 
amongst the same members is done by specific- 
sound. They can make 12 different types of sound 
for the purpose. 

iiylobates. Hylobatts (or gibbon) is a small sized 
ape found in Assam and East Asia. The males are 
black iri colour but the females are yellowish. 
Peculiar feature of these animal is the presence of 


small arboreal mammals with a capacity for glid¬ 
ing from one tree to another. The parachute mecha¬ 
nism is formed by a fold of skin extending from the 
lateral sides of the body between the two limbs. They 
are frugivorous. 

HYSTRix. first}ix or porcupine is found in Asia 
and Africa. American porcupines show variation. 
Length of the body is about 3 lcet. Hairs on the body 
are modified to form black and white quills on 
the body and tail. Quills are erected by muscles, 
body quills are solid while tail quills are hollow. 



A B C D 

Fig. 9.29. Some interesting mammals (Could.). A. Fhbhate v. B. Pongo. C. Pan. 1). Gorilla. 


ischial callosities. Fordimbs are large (Fig. 9.29A) 
and reach the ground even in standing posture. It 
is frugivorous and arboreal. It swings along the 
brandies of the trees by its arms w ith greaL rapidity. 
It can walk on laud using the foreJimbs as balancing 
rods. 

pongo. Sirnia or Pongo or uning uLan is found 
in Borneo and Sumatra. Hair colour is reddish 
brown. The head is short. The eyes lie close 
together (Fig. 9.29R). Sagittal crest is well deve¬ 
loped. The body is strongly built and it is a poor 
climber. On ground it walks on all four limbs. It 
makes a platform between two branches of a tree 
to live there and feeds on plants and fruits. 

pan. Antliropit/iecus or Pan or chimpanzee are 
found in equatorial Africa. The colour of the hair 
in these apes is black and the animals may attain a 
height of over 4 feet. The head is provided with 
prominent brow’ ridges (Fig. 9.29G). Sagittal 
crests are w r ell developed. The body is not strongly 
built and it is a good climber. They build nests on 
trees and are frugivorous in habit. 

gorilla. Gorillas are found in the forests of 
tropical Africa. The body is massive and strongly 
built (Fig. 9.29D) and may attain a length of over 
5 feet. The body weight is about 6 maunds. Hair 
colour is black. The chest is broad and the hands 
reach the knees in standing posture. Brow ridges are 
prominent and sagittal crest is well developed. 
Heavy' jaws’projcct forward. Canines are large. On 
ground the locomotion is bipedal and plantigrade. 
They live in herds. A family consists of several 
females and youngs with an old male as the leader. 
Durii .g day time they lead a terrestrial life. They 
build nests on trees. 

' petaurista. Petaurista (or flying squirrel) be¬ 
longs to the order Rodentia. They are found in 
Eastern Himalayas, Africa and America. They are 


Coarse long luirs are found on the head. They are 
herbivorous anil live on plant roots. 

PHYSKTiiR. Physcter or sperm whale comes under 
the. suborder Odoutoceti (Fig. 9.30A1. These aqua¬ 
tic mammals are of enormous size attaining a 
length of (it) feet. The head is elongated to form, a 
swollen structure, called rostrum. Rostrum is a 
reservoir of spermaceti. The lower jaw bears nume¬ 
rous monophyodont and hmnodont teeth. Teeth on 
the upper jaw are vestigial. U feeds mostly on 
squids and is found on the southern seas. Its intes¬ 
tinal secretion forms a stone-like substance called 
Ambergris which is user! in the manufacture of 
perfumes. 

orcim.s. Orchius or killer whale has a lish-like 
body (Fig. 9.301)). The length of the body is about 
30 feet: and the body bears white anil black marks, 
hi males the dorsal fin is triangular and pointed 
while in females the fin is recurved. It is a fierce 
killer feeding on fishes and other whales. 

plafanista. PlaUinisla is a dolphin found in the 
Ganges, Indus and Brahmaputra. The colour of 
the body is dark gray and the length of the body is 
fi-9 feet. The head is round. Maxillary crest is well 
developed. A long beak with sharp teeth on both 
jaws is present. The eyes are rudimentary. 

dolphinus. It is a common marine dolphin. It 
bears largest number of teeth amongst the whales. 
Eyes are well developed (Fig. 9.30G). 

phocaena, Phocaena (or porpoise) is a compara¬ 
tively small sized whale found in all oceans but is 
more numerous in the Pacific and the Atlantic. It 
differs from dolphins in having a beakless and 
rounded head (Fig. 9.30D). Jaws are with numerous 
teeth. Dorsal fin is large and bear many tubercles. 
Paddles are broad with reduced number of phal¬ 
anges. It is gregarious in habit. 
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kai ai.noptj.ka. llalaeno[>te> a or blue whale is the 
hugest of all whales (Fig. 9.30JS). It may attain a 
length of more than 100 feel w'ith a weight of 120 
tons. The colour of the. body is blue above and 
yellow below. It is nlsoealh cl sulphur-bottom whale. 
Teeth are absent. The characteristic: feature of these 
whales is that the mouth cavity is provided with 



F 

Fig. 0.30. Some interesting in animals I'Contd.). 

A. Phnetcr. B. Griimt C l. Dnlftftinus. 1). Phocaena. 

I:,. llalttenafjlera. 

whale bone or Hal mi. Baleen consists of numerous 
large horny sheets which hang in series from the 
edge of the upper jaw. The lower ends or the free 
etuis of the plates are fringed which serves to strain 
from water microscopic organisms which form the 
food for them. The distribution of blue-whales is 
restricted to the Antarctic ocean. 

phooa. Phor.a or Seal is a member of the sub¬ 
order Pinnepedia. They are found in all seas ex¬ 
cepting Indian ocean. Body is covered with soft 
fur. Kven the soles and palms are provided with 
hairs. Proximal part of the forelimb is short but the 
distal part is elongated forming the paddle. Hind- 
limbs are directed backwards and its distal part is 
free. Locomotion on land is effected by wriggling 
of Ibrelimbs and abdomen. They breed once in a 
year and dvring breeding period they come on land. 

onoriKNrs. Ofbbenm or walrus is an aqua¬ 
tic carnivore. It is found in the Arctic regions. The 
body of walrus is strongly built. The upper lip is 
thick, fleshy and is provided with sensory bristles. 
In both sexes tusks an?present. Tusks are modified 
upper incisors directed downwards. Modified fore¬ 
limbs are used in swimming. Hindlimbs art: turned 
forward during locomotion oti land. They breed 


once in two years and during breeding season come 
on land. 

melursus. Melursus or sloth bear is a member 
of the family Ursidae under suborder Fissipedia. 
They are found in India. The body is covered with 
long and coarse hairs. The snout is elongated. The 
lower lip is elongated. The tongue is extensible. 
Some of the teeth are rudimentary. They live on 
fruits and honey. 

SKI.F.NARCTOS. Selenarclos or black Himalayan 
bear is characterised by the presence of a white 
V-shaped mark on the chest. It is a carnivorous 
form. 

iikrfestes. llerpestes (or mongoose) is a member 
of the superfamily Feloidea (Fig. 9.31 A). It is a 
small and active carnivore. The pinna is short. Legs 
are short and the digits hear sharp daws. Claws are 
non-reltactile. Mongoose can kill snakes easily. 
They are found in Asia and Africa. 

hyaena. Hyaena is found in Asia and Africa. The 
Indian hyaena bears stripes on the body. Body is 
slanted towards the posterior region. Limbs bear 
4 clawed digits. The check teeth arc massive. There 
is only one molar in each jaw though the molar on 
the upper jaw is ill developed. They are scavengers 
though at times they kill smaller mammals and 
birds. 

panther a. Panlhera leo is (he scientific name of 
lion which is restricted in distribution in South and 
Central Africa, Mesopotamia and in the Oir forests 
in India. They are terrestrial and nocturnal 
animals. The digits bear large and sharp retractile 
( law's. 'They live in families. A family usually con¬ 
sists of a male, several females and young ones. 
Males posses mane. Hunting is clone mostly by the 
female members 


A 



Fig. 9.31. Some interesting mammals (Contd.). 

A. Her [tales. B. Felts. 

feus. Felis tigris or Tiger (Fig. 9.3IB) enjoys wide 
distribution throughout Asia to Siberia. It is charac¬ 
terised by having short high skull with large eyes. 
'Fhc claws arc highly retractile. The tiger has been 
given the status of the national animal of India. 

HYRAX. Hyrax or Pro-cavia or coney is a rabit- 
like member of the order Hyracoidea. They live 
in colonies in Kthiopia and Arabia. They posses 
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, small pinnae and spilled snout. Testis is abdominal. 
A single pair of pectoral mammae is present. 
Incisors are with persistent pulp. 

elephant. Elephants belong to the order Pro- 
bnscidea. They are largest of living terrestrial 
animals. Body is massive. The limbs arc pillar-like 
and pentadactylous. Hairs on the body are scanty. 
A characteristic feature of the elephant is its trunk or 
proboscis. This prehensile organ is formed by an 
elongation and fusion of nose and upper lip. The 
tusks of the elephants are formed by the upper pair 
of incisors. Elephants are slow breeders. Their 
longivily is great. Indian elephant, Elephas indicus 
differs from its African counterpart Ijoxodonta in 
some features. The Indian elephant is small in size. 
The pinna is small compared to that of African elcp- 
phant. Tn Loxodonta the tusks are large and curved 
upwards in both sexes. In Elephas the tusks are large 
in males but in females they just project beyond the 
lips. 

hkmcoke. Helicore or Datong is a member of the 
■order Sircnia. This aquatic mammal is found in 
the Red Sea and along the shores of Indian and 
Pacific ocean. The body is heavy. The tail is fish- 
like and is with tail fluke. Nostrils are shifted up¬ 
wards. Number of teeth are reduced. Males have 
small tusks projecting downwards. The tusks are 
modified upper incisors. 

horse. Eqnus cabal hi \ »r. horse is a member of 
the order Perissotlaclvla. It has been domesticated 
by man for centuries. The body is .streamlined and 
suited for swift running. The limbs are long. The 
middle or third digit is functional. The digits are 
provided with hoofs. Mane is well developed. Equus 
homini \ or Indian ass is a breed produced by crossing 
a male ass with a female horse. The head of ass is 
proportionately large. The mane is insignificant. 

/-EURA. Eijmis zebra is a horse-like animal found 
on the grass covered plains of Africa. The skin i* 
shiny with conspicuous black and yellow colours. 

tapir. Tapir us belongs to family Tapiridac 
under order Perissodaetyla. They arc disconti- 
nuously distributed and are found in Central 
and South America, Malay and Indonesia. The 
digits are stout. 'There are four digits in the fore- 
limb and three in ihe hindlimb. The axis of the 

* body passes through the middle digit which is some- 

* what enlarged. Digits bear hoofs. A short and 
tlexible proboscis formed by the nose and upper lip 
is present. Number of teeth are 42. It is consi¬ 
dered as a primitive form. 

rhinoceros. Rhinoceros is a member of the family 
Khinorcrotidae under order Perissodaetyla. The 
body is massive. The skin is folded and is very thick. 
Three hoofed digits are present. The axis of the 
body passes along the middle digit. Characteristic: 
feature of the rhinoceros is the presence of horn 
'Kig. 9.32A) formed of kcratinised hairs. The In¬ 
dian rhinoceros or Rhinoceros unicornis found in 
North Bengal, Assam and Nepal has a single horn. 
The African rhinoceros, Dixros bicorn is possesses 
t wo horns. 

pio. Sus is a member of the suborder Suiformes 
under order Artiodactyla. Body of the pig is 
stumpy. Colour is dark-grav with fewer number 
of ha ; rs. Hairs are hard and bristle-like. A row 
of hard bristle is present on the neck and along 
die mid-dorsal line. Snout is elongated and nostrils 
are terminal. Limbs bear four digits, of which the 
3rd and 4th reach the ground. Digits arc provided 

24 


with hoofs. Original dental formula is retained. 
3.1.4.3 

Dental formula is 3 j 4 3 * Canines of both jaws form 

tusks specially in males. They are gregarious animals 
and prefer marshy places. 

hippopotamus. Hippopotamus is an amphibious 
mammal belonging to the suborder Suiformes 
under order Artiodactyla. They arc.fmmd in Africa. 
Body is massive and measures II feet in length. 
Muzzle is broad. Nostrils, eyes and pinnae are 
shifted more towards the dorsal side, of the Stead. 
The tail is short. The skin is thick with few hairs. 
Each limb bears 4 hoofed digits. They are herbi¬ 
vorous. Red sweat is a peculiarity in these animals. 



I’ig. 9.32. Some interesting mammals (Contd.). 

A Rhinoceros. B. Giraffe. 

camel. Camel is a member of the suborder 
Tylopoda under order Artiodactyla. These animals 
exhibit a good number of modification of structures 
for adaptation to a life in deserts. The Arabian 
camels have a single hump and African camels have 
two huihps. Llama is a cousin of tlic camels. ItS body 
is covered with wooly hairs. 'The neck is long and 
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upright. Hump is absent. Llama is found in South 
America. * 

cheetal. Axis axis or spotted deer or Cheetal is 
a member of the family Cervidae under the order 
Artiodactyla. They are found in plenty in the 
jungles of Ceylon and India. The body colour is 
brown with white spots. A black line passes along 
the spine. The throat and belly is white. They 
live in herds. Male possesses antlers. 

musk deer. Moschus or musk deer is found in 
Central Asia and the Himalayas. The colour is 
grayish brown with gray spots on the back. Hind- 
limbs are longer than the forclimbs. Horns in both 
sexes are absent. Tail is small. The males are 
characterised by having a musk pouch on the 
abdomen. Musk is paste like in consistency and has 
a strong and sweet smell. It is used in the manufac¬ 
ture of perfumes. 

oirah-'E. Giraffe Camelopardalis or Giraffe is found 
in Tropical Africa. The body is large. The fore¬ 
limbs are longer than the hindlimbs. The neck is 
very much elongated though the number of cervical 
vertebrae remains constant (Fig. 9.3215). The colour 
of the body is bright yellow with brownish spots at 
intervals. The tongue is prehensile. Both sexes bear 
small horns which remain permanently covered by 
velvet . 

nil <jai. Bos la (>hus or blue bull or nil gai is a 
member of the family Bovidae under the order Artio¬ 
dactyla. They are found in Tndia excepting Bengal 
and Assam. The colour of the body is ‘steel-gray’. 
A white ring below' each fetlock and two white spots 
on th£ check are characteristic of these animals. 
Male's possess hollow horns. 


CLASSIFICATION 

CLASSIFICATION IN OUTLINE 
Class Mammalia 
Subclass Prototheria 

Order Monotremata , c.g., Ornilhorhynchus 
and Tackyglossus. 

Subclass Attotheria 

Order Mullituberculata , e g. , Plagiavlax. 
Subclass Uncertain (?) 

Order Triconodonta , e.g., Priacodoti. 

Subclass Theria 
Infraclass (A) Panto iher'ui 

Order 1 Pantotheria , e.g., Amphitherium. 

Order 2 Symmetrodonta , e.g., 
Spalacotherium. 

Infraclass (B) Mctatheria 
Order Marsupialia c.g.. Macropus. 
Infraclass (C) Eutheria 
Cohort (a) GNGUICULATA 
Order 1. Insectivora, e.g., So rex. 

Order 2. Dermop'tcra , e.g., Cynocephalus. 
Order 3, Chiroptera. 


Suborder (i) Megachiroptera, 
e.g., Pteropus . 

Suborder (ii) Microchiroptera, 
e.g., Desmodus. 

Order 4. Primates 

Suborder (i) Lemuroidea, e.g., Ixmur. 
Suborder (ii) Tarsioidca, e.g., Tarsius. 
Suborder (iii) Anthropoidca, 

e.g., A teles. Homo. 

Order 5. Tillodontia , e.g., Tillotherium. 
Order 6. Taeniodontia , e.g., Stylinodont. 
Order 7. Edentata. 

Suborder (i ) Palaeanodonta, 

e.g., Metacheiromys. 

Suborder (ii) Xenarthra, e.g., Tolypeutes. 
Order 8. Pholidota , e.g., Manis. 

Cohort (b) GLIRES 
Order 1. Rodentia. 

Suborder (i) Sciuromorpha, 
e.g., Petaurisla . 

Suborder (ii) Theridomyomorpha, 
c.g , Anomalurus. 
Suborder (iii) Caslorimorpha, 
e.g., Castor. 

Suborder (iv) Myomorpha, e.g., Mus. 

Suborder (v) Caviomorpha, 

e.g., Agouti. 

Suborder (vii) Hyslricomorpha, 
e.g., Cavia. 

Suborder (vii) Bathycrgomorpha, 
e.g., Ileterocephalus. 

Order 2. Lagomorpha , 

e.g., Oryctolagus. 

Cohort (c) Mutica 
Order 1. Cetacea. 

Suborder (t) Archaeoceti, 
e.g., Prolocelus. 

Suborder (ii) Odontoceti 

e.g., Phocaena. 

Suborder (iii) Mysticcti, e.g., Balaena. 

Cohort (d) ferungulata 
Order 1. Carnivora. 

Suborder (i) Creodonta, e.g., Tricentes. 
Suborder (ii) Fissipedia, e.g., Lutra . 
Suborder (iii) Pinnipedia, e.g., Phoca. 

Order 2. Condylarthra, e.g., Phenacodus . 
Order 3. Litopterna , e.g., Thoatherium . 
Order 4. Notoungulata , e.g., Arcostylops. 
Order 5. Astrapotheria, 

e.g., Astrapotherium. 

Order 6. Tubulidentata , e.g., Orycteropus. 
Order 7. Pantodonta } e.g., Pantolambda. 
Order 8. Dinocerata , e.g., Prodinoceras. 
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Order 9. Xenungulata, e.g., Carodnia. 

Order 10. Pyrotheria , e.g., Pyrothertum. 

Order 11 . Proboscidia, e.g., Elephas. 

Order 12. Embrithopoda , 

e.g., Arsinotherium . 

Order 13. Ilyracoidea , e.g., fly rax. 

Order 14. Desmostyliformes. 

e.g., Desmostylus . 

Order 15. Sirenia , e.g., Dugong. 

Order 16. Perissodactyla 
Suborder (z) Hippornorpha, 
e.g., Kquus. 

Suborder [ii) Ceratomorpha, 
e.g., Tapir us. 

Order 17. Artiodactyla 
Suborder (i) Suiria, e.g., *S>y,v. 

Suborder (ii) Tylopoda, e.g.. Came his. 
Suborder (Hi) Ruminantia, e.g., Bos. 

CLASSIFICATION WITH 
CHARACTERS 

Classification of Mammalia poses a diffi¬ 
cult problem. Different authors have classi¬ 
fied Mammalia in different schemes. The 
scheme followed here is mainly based on 
Edwin H, Colbert (1955). 

SUBCLASS PRO l OTHERJA 

Females of this subclass lay eggs and 
have mammary glands devoid of teats. A 
distinct cloaca is present. Nasal and pre¬ 
maxilla are drawn out to form a rostrum. 
Digits are webbed. 

Order Monotremata. The Monotre- 
mes occupy a most interesting position 
among mammals because of their distri¬ 
bution, anatomical peculiarities and syste¬ 
matic position. The reptilian and mamma¬ 
lian characters present in the Monotremes 
lead one to think that mammals have 
o.volved from reptiles putting a step on the 
Monotremes. 

Distribution. The distribution of Mono¬ 
tremes is restricted. They are found in 
Australia, Tasmania and New Guinea. 

External morphology 

(1) 'Body is covered over with soft hairs. 
Hairs on the dorsal side may be coarse or 
spine-like. (2) Digits end in sharp claws and 
are webbed. (3) Mammary glands are de- 
‘ void of teats. The tubular glands open in 
* shallow depression on the ventral side. (4) 
Pinna is distinct but small. (5) Tail may 


be present or absent. (6) In males, poison 
spur is present. (7) Nictitating membrane 
is present. 

Skeletal system 

skull. (1) Sutures of skull are obliterat¬ 
ed. (2) Auditory ring is incomplete and is 
loosely attached with the skull. (3) Lacry- 
inal and alisphenoid are absent. (4) Nasal 
and premaxilla are drawn out into a ros¬ 
trum. (5) Pterygoid bone is present. (6) 
Jugal is reduced. 

jaw hones. (1) Angular and coracoid 
processes are ill developed. (2) Mandibu¬ 
lar symphysis is absent. (3) Teeth are re¬ 
placed by a horny pad in adults. Youngs 
possess teeth. Dental formula in young 


vertebral COLUMN. (1) Epiphysis is ill 
developed. (2) Zygapophyses in cervical 
vertebrae are ill developed. (3) Tluiraco- 
luinbar vertebrae are 19, sacral 2 4 in 
number. Caudal vertebrae are variable in 
number. (4) Cervical ribs are present. 

pectoral girdle. (1) It is built, in typi¬ 
cal reptilian plan. (2) Scapula is elongated 
and is without spine. (3) Acromian process 
is well developed. (4) Coracoid is large. 

pelvic; girdle. (1) Acetabulum is per¬ 
forated. (2) Ischio-pubir symphysis is pre¬ 
sent. (3) Epipubie bone is present. 

sternum. ‘T’-shaped interclavicle is pro¬ 
se Fit in the sternum. 

i.imhs. (1) Humerus is Hat having a little 
developed olecranon process. (2) Cent rale 
is not separated. (3) Femur is flat with pro¬ 
minent trochanter. (4) Patella is large. 

Internal organs 

(1) Tongue is long and sticky. 

(2) Saliva is of thick consistency. 

(3) Sweat and sebaceous glands arc pre¬ 
sent. 

(4) Cloaca is well developed. 

(5) Erectile penis is present in males and 
testes are abdominal in position. 

(6) Paired oviducts open directly into 
cloaca. 

(7) Ventral abdominal Vfcin is present. 

(8) The cerebrum of brain is smooth and 

does not cover the cerebellum. Corpus 
callosum is absent. • ^ 

(9) Eggs are provided With much yolk 
and the egg shell is leathery. 
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(10) Segmentation is meroblaslic. 

(11) Body temperature ranges between 
25 9 C afid 28°C. 

Only three genera are living today. 
They are platypus or duck-bill, Ornintho - 


rhynchus, and the spiny ant-eaters, Echidna 
or Tackyglossus and J?aglossus or Proechidna. 
The structural differences between Ornin- 
thorhyncus and Tachyglossus are shown 
in Table Chordata—15. 


’ Ladle Chordata — 15 


Points 


Ornithorhyncus 


Tachyglossus 


Habit and habitat 


fa) Lives in burrows on river banks. 

(b) Good swimmers. Swimming is done 
by paddling of limbs and body undula¬ 
tions. 

f c) Lives on molluscs arid worms. 

(d) Can not roll up into a ball for pro- 


fa) Terrestrial and lives on land with 
soft soil. 

(b) Adapted to terrestrial life. 

ir) Lives on ants. 

(d) Can roll up into a ball lor protec¬ 


ts) Pinna is small and remains under (e) Pinna is large, tubular ami lies 
cover of hairs. just behind the eye. 

la) Body d over with brown («) Body is d over with strong 

under fur and harsher outer fur. pointed spines and coarse hairs. Spines 

arc absent, on the ventral surface. 


External morpho¬ 
logy 


(7/j A Hal hill, like that of a duck is prr- (b) A long pointed and tactile ros- 
! sent, The bill is hairless with tactile j train is present, 
organs in pi is. 


if) Nictitating membrane is present. 


(<*) Nictitating membrane is absent. 


{(/) Tail is broad and Jlat. 


(d) Tail is vestigial. 


(r) Digits are webbed. 


(e) Digits are not webbed. 


(a) Treih- present in early stage but //) Teetli-absent at all stages of life, 
teeth an replaced by horny pad in 
adults. 


Internal stria lures 


(b) Tongue is small. 

(r) Eardrum is very small. 

[d) Brain is relatively small. 

(e) Skeletal framework is rather 
simple. 

(J) (Nnaecomastism is supposed to be 
present. 


(a) 'Longue is long and protrusible. 
Set ret ion of salivary glands is sticky. 

(*■) Eardrum is large. 

[d] Brain is relatively large. 

[e] Skeletal framework is complex. 

[f] Gynaecomastism is definite. 


Affinities of Monotremata 

reptilian affinities, fl> Presence, of eciopterv- 
goidin skull. (2) Present.*. of provomer. (3) Zygo¬ 
matic arrh is perforated by a temporal canal, which 
is believed to be post-temporal ftissa of Reptiles. (4) 
At the posterior end of palate, a pair of bones of 
doubtful nature is present. According to many 
the>%epreserit som/! reptilian skull bone. (5) Ribs 
are single headed (excepting cervical ribs). (6) Cer¬ 
vical ribs are present. (7) Coracoid is platt.-likc and 


epicoratt>id is present. (8) T’-shaped interelavicle. 
[ 9) Epipubic bone is present. (10), Acetabulum is 
perforated. (11) Absence of epiphysis. *12) Corpus 
callosum is absent and anterior commissure is well 
developed. (13).Ventral abdominal vein is present. 
(14) Body temperature is not constant. (15) Cloaca 
is present and it is shallow. (16) Testis is abdominal. 
(17) Presence of different glands in the oviduct. (18) 
Oviparous and meroblastic segmentation. 

Presence of strong reptilian features in Mono- 
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tremata speaks of its primitiveness. These primitive 
mammals have failed to cope up with many of die 
evolutionary transformations which culminated in 
the establishment of better characteristics in higher 
mammals. 

Avian affinities. (1) Shape of the beak in platypus 
resembles birds. (2) Teeth are absent. (3) Presence 
of webbed feet. (4) Sutures of the skull are obli¬ 
terated. (5) Presence of spur in the tarsal region. 
((>) Presence of oil gland. 

The relationship between monotremes and birds 
docs not stand on a solid ground. The converging 
characters seen in them are due more to the fan 
that both possess common reptilian ancestry. 

affinities WITH marsupials. (1) Structure of 
skull. (2) Presence of Marsupial bone. (3) Man¬ 
dibular inflection. (4) General contour of brain. (f>) 
Bulbourethral gland. (G) Resemblance between 
foetal monotreme and marsupial. (7) Mode of milk 
secretion. 

Considering the similarities, Gregory (1947) has 
proposed that monotremes originated from some 
pre-marsupial stalk and their present features are 
due to specialization. He has included both moiiu- 
ireines and marsupials in a subclass ‘Marsupiontia.’ 
But most accepted view is that monotremes origi¬ 
nated from the principal line of evolution of 
mammals. 

mammalian AFFINITIES. (1) Presence of hair, 
mammary glands, oil gland and sweat glands. (2) 
Double occipital condyle. (3) Single jaw bone, 
dentary. (4) Presence of palate. (:')) Jaw attachment 
is craniostylic. (6) Sternum is segmented. (7) Cer¬ 
vical vertebrae arc seven. (8) Pinna is distinct. (9) 
Circulatory system is typically mammalian. (10) 
Diaphragm is present. (11) Presence of propor¬ 
tionately large car ossicles. (12) Cochlea is slightly 
toiled. (13) Cerebellum is well developed. (11) 
Presence of corpora qundrigemina. (15) Fertiliza¬ 
tion is internal. 

Though monotremes show affinity with non¬ 
mammalian groups, the above mentioned charac¬ 
ters unequivocally speak of dose and firm affi¬ 
nity with mammals. 

Phylogenetic consideration of Monotremes 

Two logical and reasonable views have been put 
forward to explain the phytogeny of Monotremes. 
In one view it has been expressed that the Mono¬ 
tremes evolved independently from the early mam¬ 
mal-like reptiles and continued to survive in isola¬ 
tion as basically primitive mammals marked with 
certain specializations. 

The other view advocates that Monotremes have 
derived from very early Marsupials and owe their 
peculiar characters to divergent: specialisation. 
'These specialisations are retention, degeneration 
and reversion of characters. 

Among the mammals die Monotremes are 
very much controversial. J hey possess primitive, 
degenerated and specialised features. It is rea¬ 
sonable tq conclude that Monotremes originated 
as a side line from the main line of mammalian 
evolution and have retained the characters through 
which ancestors of higher mammals have passed. 

SUBCLASS AU.OTHER IA 

Fossils forms of Allotheria have been found from 
the sediments of Jurassic age. The group was highly 


specialised. Teeth pattern showed that they were 
herbivorous. • 

Order Multilubenulata. Skull was heavy with 
massive lower jaw. Zygomatic arch was strongly 
built. Incisors were elongated. Diastema was 
present. Upper and lower molars were with longi¬ 
tudinal rows of cusps. In primitive forms, two 
parallel rows of cusps were present in both upper 
and lower molars, but in later forms three rows of 
cusps appeared on the upper molars. Example: 
Plagiaulax. 

SUBCLASS UNCERTAIN (?) 

Fossil forms of a group of mammal like 7W- 
conodont have been discovered. They survived during 
the middle and late Jurassic age. Skull in parts, 
teeth, jaws and palates have been discovered. The 
naming of the. subclass has not yet been complete. 

Order Tticomdonta. Size was not bigger than pre¬ 
sent day cats. Jaws were elongated with consider¬ 
able array of differentiated teeth. There were four 
incisors, a single canine and nine post-canines. 
According to some, the post-canines too were diff¬ 
erentiated into lour |)muolurs and live molars 
making the dental formula as t.l.4.5. The molar 
teeth of the triconodd&Ls had three eusps arran¬ 
ged in rows from which, the order derived its name. 
Example: Pr incodon. 

SUBCLASS THER1A 

Mammals included in this subclass do 
not lay eggs but give birLh to young ones. 
Mammary glands an* provided with 
nipples or teals. 'The ureters open directly 
into a urinary bladder. The subclass is 
divided into three inlVaclasses of which 
one is extinct. 

Injinclnss ( A) Pantotheria. They were also known 
as trituberculales. Jaws were long and slender with 
differentiated cheek teeth. They persisted during 
the middle and upper Jurassic. They were divided 
into two orders. 

Order (1) Pantotheria. 'They had four incisors, 
one canine, lour premolars and seven molars on 
each half of their elongated upper and lower jaws. 
'The upper molars were triangular in shape having 
a prominent cusp called pivloronc on the inner apex. 
'The outer side of the molar was provided with 
many cusps and ampules. Example: Amphitherium. 

Order 2. Symmelrodontn. They are considered by 
many ns “experiment in evolution". I hey resemble 
the Pantotheria in many respecls. Each molar tooth 
when looked at in crown view presents three cusps 
arranged in a perfect symmetrical triangle. Because 
of this symmetry of cusps in molar they are known 
as xymmetrodonts. Example: Spalacolherium. 

Infraclass (B) MKTATHERIA. The youngs 
are born in an immature condition and 
undergo further development in marsu- 
pium of the female. Mammary glands 
with teats open into the marsupium. 
Allantoic placenta is absent. 

Order Marsupialia. .The marsupials 
form a distinct group for their anatomical 
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peculiarities, distribution,^adaptation and 
evolutionary history. 

Distribution. Marsupials were universal 
in distribution during Cretaceous period 
and were in keen competition with the 
placentals. But during Cenozoic era, the 
placentals increased in number at such a 
rapid rate that the marsupialsfailed in com¬ 
petition and consequently became exter¬ 
minated from many parts of the globe. In 
Cenozoic era, Australia and South Ameri¬ 
ca became separated from the main land 
mass. The separated lands contained mar¬ 
supials as well as some placentals. Marsu¬ 
pials, defeated in competition with placen¬ 
tal mammals in other parts of the world, 
flourished in these separated land masses of 
Australia and South America. Later on 
South America was invaded by placentals 
again and their influx led to the extinc¬ 
tion of many marsupials there. Thus mar¬ 
supials, like true placentals, explored all 
the possible niches but failed to survive in 
all the regions. Today they are having a 
restricted distribution in Australia and 
South America. 

■S 

External morphology 

(I) Body is covered over with soft fur. 
(2) Pinna is well developed. (3) Most of 
the female members possess marsupium. 
(T) Mammary glands have teals. (5) Tail 
is well developed and helps in balancing, 
(b) A strange specialisation is seen in the 
hind foot. The second aucl third toes arc 


slender and remain enclosed in a sheath 
of skin. These two together are known as 
syndactylous digits which form a sort of 
two-pronged comb. The fourth toe is 
largest. All digits end in claws. (7) 
Forelimbs are shorter than the hind- 
limbs. 


Skeletal system 


skull. (1) Skull is small with well deve¬ 
loped sagittal crest. (2) Sutures of the skull 
arc present (Fig. 9.33A). (3) Jugal takes 
part in the formation of glenoid fossa. 
(4) Tympanic bulla is partly formed by 
alisphenoid and is incompletely united 
with the skull. (5) Orbital and temporal 
fossae are confluent. (6) Zygomatic arch 
is complete. (7) Pterygoid is small. (8) In¬ 
ward inflection of lower jaw is present 
(Fig. 9.33B). (9) Mandibular symphysis is 
weak. (10) Palate is fenestrated. (II) 
Dentition is heterodont, thecodont; and 
rnonophyoclont (excepting last premolars). 
Number of incisors vary. There are five 


upper incisors 


and four lower incisors. 

5.1 3.4 

Dental formula is ■ * 

4.1 3.4 


VERTF.URAL COLUMN 

Vertebral column is divided into five 
regions. Cervical vertebrae are seven in 
number. Thoracic vertebrae* are about 
thirteen* in number and arc provided with 
ribs. Lumbar vertebrae arc seven in num¬ 
ber and are devoid of ribs. 



Fig. 9.33. Skull (A) lower jaw (B) and Atlas !'C) of Muaufms. 
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Cervical vertebrae are perforated and 
vertebral artery passes through the per¬ 
foration. Caudal vertebrae are with 
‘chevron bone* excepting in Koala and 
Wombat. Atlas is incomplete (Fig. 9.33C) 
and is provided with cartilage in the ven¬ 
tral incomplete side. 

GIRDLES AND LIMBS 

Coracoid is well developed in embryonic 
stage but becomes reduced into a rod-like 
structure in the adult. Ooracoscapular 
line of fusion persists for a long time. Acro¬ 
mion, mctacromion and scapular spine are 
present. Clavicle is well developed. An 
epipubic bone for the support of the mar- 
supium is present but it is not homologous 
to reptilian epipubic bone. Humerus is 
with epicondylar foramen. A parafibula 
bone in the foim of a nairow rod may 
be present on the outer side of the 
fibula. The 4th toe in the hindlimb is the 
largest and serves as the axis of the foot. 

DIGESTIVE SYSTEM 

Teeth are heterodont, thecodont and 
rnonophyodont. The last premolar is an 
exception. Number of prcmolars may be 
| or J. Molars bear three cusps; often an 
additional small cusp may be present. 
Shape and size of the stomach is variable. 
A large caecum is present in herbivorous 
forms. Caecum is absent in carnivorous 
forms. 

CIRCULATORY SYSTEM 

The fossa ovalis in the interauricular 
septum is absent. Each superior vena cava 
receives an azygos vein. Auriculovcntri- 
cular valves are membranous. 

URINOGENITAL SYSTEM 

Anal and urinogenital apertures are en¬ 
closed by a common sphincter muscle. 
Ureters run between the genital ducts in 
both sexes. Oviducts remain separate and 
uterus and vagina are paired (Fig. 9.34). 
Testes arc abdominal and lie in front of the 
penis. The glans penis is bifurcated. 
Youngs are born alive in an immature 
state seven days after fertilization. Youngs 
are taken by the mother in her marsupium 
where the embryos remain attached to the 
nipples of the mother. Yolk-sac placenta is 
common in all. But in Parameles , an allan¬ 
toic placenta is present. It is structurally 


very simple ancl remains functional for a 
short period. 



opening of 
vagina into 
urinogenital 
sinus 


urinary bladder 
vagina 

vaginal caecum 

' — opening of 
urinary bladder 

urinogenital canal 


Fig. 9.3 k Female reproductive system of Macro* 
pus. Right uterus, vagina and vaginal caecum 
arc exposed. 


NERVOUS SYSTEM 

The brain is small with little convolu¬ 
tions. Olfactory lobes arc comparatively 
large. Corpus callosum is cither absent or 
poorly developed. Anterior commissure 
is very prominent. 

Classification of Marsupialia 

Formerly two different scheme*, one on the basis 
of the character of teeth end the other on the basis of 
the features of toes in the hindliinb, were made to 
classify the order Marsupialia. As scheme based on 
single character is insufficient to meet the demand 
of a perfect classification. Simpson has proposed a 
third scheme. His scheme has talc :ri into considera¬ 
tion the six marsupial groups as ^dependent units 
and he has placed (hern under ix superfamilics. 
The three schemes are given belo 

First scheme (on the basis of teeth): 

Order Marsupialia 

Division I. Polyprotodontia 
Family (i) Didelphoidea 
\ ii) Dasyuroidea 
(Hi) fiornyacnoidea 
(iv) Peramcloidca. 

Division II. Diprotodonlia 
Family (i) Caenolcstoidea 
(«) Phalangeroidea.. 

Second scheme (on features of hind toes): 

Order Marsupialiu 

Division I. Didactyla 
Family (i) Didelphoidea 

(«) Dasyuroidea » 

(iii) Borhyaenoidca 

(iv) Caenolcstoidea. 
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Division II. Syndactyla 
Family (*') Perameloidea ' 

(»/) Phalangeroidea. 

Simpson's scheme: 

Order Marsupiatia 

Superfamily I. Didelphoidea 
Family (i) Didelphidae Ex. Opposum. 

Superfamily II. Dasyuroidea 
Family (?) Dasyuroidea. Ex. (Jerboa. 
Tasmanian wolf. 

Family (?i) Notoryctidae. Ex. Marsupial mole. 

Superfamily III. Borhyacnoidea 
Family (i) liorhyaenidae. Ex. Borhyaena 

Superfamily IV. Perameloidea 
Family (?) Pcramelidae. Ex. Pcramelcs. 

Superfamily V. Caenolcstoidea 
Family (i) Caenolcstidae. Ex. Dipilus. 

Superfamily VI. Phalangeroidca 
Family (?) Phalangeridac. Ex. Koala. 

Family (ii) Phascolomidae. Ex. Wombat. 
Family (???) Macropodidae. Ex. Macropus 
(Kangaroo) 

Family [iv) Diprotodonlidae. Ex. Notothe- 
rium. 

Adaptive radiation is Marsupials 

Marsupials have explored all possible ecological 
niches and have tried to master all available habi¬ 
tats. Because of their adaptation to diverse habitats, 
the different members have undergone through 
various anatomical modification. A good degree of 
adaptive radiation is exibited by different members 
of the groups. They are discussed below: 

Supcrfamiiy Didelphoidea. Members belonging 
to this supcrfamiiy arc found in North and Central 
America and in Australia. Most of the members are 
Arbor cal, only one species is aquatic They arc small in 
size and insectivorous. They are characterised by the 
presence, of an elongated muzzle, well-developed 
nail, less opposable hallux and a lung prehensile tail. 
The aquatic. Ibrms have webbed feet. Marsupium 
is absent or incompletely formed. The American 
forms pretend to be dead when captured. 

Examples: Didelphys (opposum).. ChironecUs. 

Supcrfamiiy Borhyacnoidea. Most of the mem¬ 
bers are extinct. They were distributed in Soudi 
America. The members were bear-like in size, 
short legged, large headed and carnivorous in habit. 

Examples: Borhyaena, Protohylacinus. 

Supcrfamiiy Dasyuroidea. Members belonging 
to this superfauiily are restricted in Australia. A 
diverse adaptation is encountered among the diff¬ 
erent members. They are: 

(1) Carnivorous. Exampiilied by Tasmanian devil 
and Thylacine. These animals have rudimentary 
pollex and small, dawless hallux. Most members 
are terrestrial with well developed four-toed foot and 
marsupium. The tail is long and nonprchensile. 

(2) Scmiarboreal. Members are represented by 
Phascogale. These are slender bodied rat-like crea¬ 
tures with bushy tail. 

(3) Ant-eater . Mcmbi i-s are represented by 
Myrmccobius. These are pouchless small rat-like 
animals characterised by the presence of black bands 
across the lumbar and sacral regions. 

(4) Fossorial. Members are represented by A'owry- 
ctes. They are small in* size with well equipped 
bodv adaptation for burrowing. They live in sandy 
deserts. The limbs are short but powerful having 


five digits. Claws in the 3rd and 4th digits of the 
forelimbs are large, flat and triangular. Dorsal side 
of the head is provided with protective shield. The 
tail is short and is covered by hairless horny skin. 
Pinna is absent and eyes are vestigial. Pouch is 
well developed and die opening is directed back¬ 
ward. 

Superfamily Perameloidea. Members belonging 
to this superfamily are restricted in Australia in its 
grassy lands. The animals are smaller than rabbit 
in size. The animals have elongated and pointed 
muzzle. Pinna is present in some and the tail is 
small. The 3rd and 5th digits are either vestigial or 
absent. In the hindlimb the 4th toe is the largest, 
2 nd and 3rd ones are small and webbed and the 1st 
toe is vestigial. The opening of the marsupium is 
directed backward. 

Example: Peramelcs (Bandicoot), Macrotis and 
7 hylacotnys. The last one is carnivorous and others 
are omnivorous. 

Supcrfamiiy Caenolcstoidea. The members arc 
found in South America. 'They are small, rodent-like 
and terrestrial iri habit. Enlargement of median 
pair of lower inc isors is a characteristic feature. 

Examples: Caenolestes , (holesus, Rhynoeolesles. 

Superfamily Phalangeroidca. A high degree of 
adaptive radiation is exhibited by the members of 
this supcrfamiiy. The type of adaptation and cha¬ 
racteristics for each type of adaptation is given 
below: 

(1) Arboreal. Both the limbs and the tail is pre¬ 
hensile in the arboreal forms. The 2nd and 3rd toes 
of the hindlimb are slender and united by a fold 
of skiri. The 4th and 5th toes are nearly equal. 
Hallux is nailless and opposable. 

Example: Trkhisurus. 

(2) Arboreal and clinging. 'The members which are 
arboreal and clinging in habit are usually sluggish 
and timid. Tail in these forms is vestigial but a 
cheek pouch is present. Caecum is very large and 
they lic k, instead of drinking. 'The lateral side of the 
pouch is extended to form flames. Example: Phas- 
calarctos or Koala. 'The special point about koala is 
that they arc. numophagus that is they arc adapted 
to feeding upon the leaves of certain eucalyptus 
trees arid nothing else. 

(3) Flying. Example of flying marsupial is the 
flying phalangers or Petaurm. Presence of a lateral 
fold of skin between fore-and hirullimbs enables it 
to glide. 

(4) Burrowing. Example is the Ph jscolomys or 
Wombat. These are relatively large sized and hea¬ 
vily built animals. They arc vegetarian and noctur¬ 
nal in habit. The head is short and flattened. Limbs 
are thick and short and end in strong claws except¬ 
ing the hallux. The 2nd and 3rd toes of hindlimb 
are connected by skin. Tail is short. 

(5) Swift locomotion . The members of the order 
Marsupialia that are well known for their swilt 
locomotion and browsing and grazing habits are the 
Kangaroos ( Macropus ) and Wallabies. They have 
small head and neck. The forelimbs arc smaller than 
hindlimbs and are with five digits. Hindlimbs are 
long and powerful. The hallux is absent and syn¬ 
dactyly is present in the hind leg. Marsupium is 
large. The tail is stout and long and supports the 
body during rest. The Kangaroos sail across the 
landscape in graceful, prodigious leaps propelled 
by their powerful hind legs. 
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Affinities of Marsupialia 

Affinities with Cynodont-like teptiles. The skull of 
American Opossum is nearer to the construction of 
the skull of Cynodont-like reptiles. Some similar 
features are: (1) ‘Alisphenoid bulla’, (2) ‘Epipubic’ 
bone and (3) Stapes. 

Affinities with Sionotrernes Marsupials share many 
“heritage features 5 ’ with the monotrcmes, such as: 
(I) construction of the brain, (2) structure of the 
skull and (3) dose resemblances between liietal 
rnonotremes and the faetal marsupials. Yet mono- 
tremes are more primitive than the marsupials in 
retaining an essentially reptilian pectoral girdle and 
oviparous in habit. 

Affinities with Placentals . Despite close similarities 
between marsupials and the placenta Is, there is a 
set of characters that distinguish the marsupials 
from the higher mammals, viz. (1) Inflated angular 
process, (2) jugal extends backwards beneath the 
zygomatic process of the squamosal to the glenoid 
fossa, (3) fenestrated bony palate, (4) enlarged 
‘alisphenoid bulla", (5) inferior arch of the atlas is 
often incomplete or cartilaginous in the midline, 
and (6) the head of the astragalus is usually small or 
narrow and not expanded transversely as in many 
placenta Is. 

Phylogenetic consideration of Marsupials 

A comparison of the biological organisation of 
marsupials and placentals. reveals that the marsu¬ 
pials appear to be “second-class mammals’. For this 
reason, it was the common practice for the Zoolo¬ 
gists to regard the marsupials as the transitional step 
in the evolution of mammals between the ancestral 
Jurassic mammals and the Cenozoic placentals. But 
the available evidences indicate that the marsupials 
and placentals have evolved independently from the 
common panthotherian ancestor in upper Jurassic 
period and both of them evolved side by side. Fig. 
9.35 will give an dea about the phylogenetic rela¬ 
tionship of marsupials with the monolremes and 
placentals. 



Fig. 9.35. Schematic representation showing the 
phylogenetic relationship between the three 
surviving groups of mammals. 


Infraclass (c) Eutheria or Placentalia. 

v In Eutherians, the youngs go through a 
considerable period of pre-natal growth 


and born as miniature adults. A highly 
organised allafltoic placenta is present. 
The brain is highly developed. Cerebral 
hemispheres and cerebellum are well 
developed. The hemispheres have well 
developed n copal Hal region. The two 
hemispheres are connected by corpus 
callosum. Anterior commissure is ill deve¬ 
loped. The ureters pass outside the genital 
duct in both the sexes. The uteri and 
vagina show a tendency of becoming single. 
The anal and urinogenital apertures are 
separate. Cloaca is absent. 

The osteological characters show that 
the brain case is largo and the bony palate 
is solid. The angle nf the lower jaw is not 
inllected. The tympanic bone is ring like 
and forms a tympanic bulla. Alisphenoid 
is never associated with tlu* bulla. 'The 
bulla is perforated by the carotid canal. 

Dental formula, in general, is but 

undergoes modifications in different groups 
and teeth are absent in some forms. 

In the post-cranial skeleton, there are 
seven cervical vertebrae. The thoracic 
series of vertebrae bear ribs. Ribs are lack** 
ing iri the lumbar vertebrae. Epipubio 
bone of the pelvis is absent. 

Cohort (a) Unguiculata. It includes those 
placentals which possess nails or daws and 
arc derived directly from primitive insceti- 
vorcs. 

OiWr 1 . Insectivora. 

Insectivores arc earliest and primitive of 
all eutherians. They are believed to be 
ancestors of all other placental mammals. 
They arc persisting unchanged from Creta¬ 
ceous period. They are distributed in Asia, 
Africa, Europe and North America. These 
small, terrestrial and nocturnal insectivores 
are stamped with many primitive and some 
specialised characters. The primitive cha¬ 
racters are exhibited by its topical dental 

formula which is • 

The skull is constricted in the middle. 
The zygomatic arch is incomplete. The 
tympanic bulla is absent. The bony palate 
is incomplete. Palatine is extended to meet 
the lacrymal. Teeth have sharp molar 
cusps. On the ventral side of the vertebral 
column there are nodules between the 
vertebrae. Humerus is provided with epi- 
condylar foramen. Pubic, symphysis is re¬ 
duced or absent. Digits in each limb are 
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five in number and are provided with 
( laws. Locomotion is of plantigrade type. 

Body is covered with hairs. Hairs on the 
dorsal side are modified into spines (Hedge 
hog). Caecum is small,or absent. Scrotum 
is absent and the testes are internal in 
position. The uterus is of bicornuate type. 
A sphincter muscle is present around anus 
arid urinogcnitaJ aperture. Mammary 
glands are many and arc distributed all 
along the two milk lines on the ventral 
surface. 

Example: Sore. v (Shrew). Talpa (Mole), 
Tupia , Erinaccus (Hedge hog), (Irondura 
lMusk shrew) 

Order 2. Dermoptcra 

The Dermoplcrans evolved along a sepa¬ 
rate line from the primitive insectivores 
during Eocene. The present day dernio- 
plerans are found in Malay, Phillipines 
and East Indies. They are herbivorous, 
tree Jiving and their size is like that of a 
large squirrel. 

The tympanic ring forms the bulla and 
ihe lower margin of the external auditory 
meat us.> Lower incisors are combed. The 
brain is primitive and the optic lobes are 
not covered by cerebrum. The most 
important feature is the presence of broad 
folds of hairy skin extending between the 
legs arid onto the tail with which it glides 
long distances from one tree to another. 

Examples: Cynocephalus iGaleopithccus) 
variegalus (Fig. 9.36) of East Indies and 
C. rolans of Malay and Phillipine. 



rig. 9.3f>. A flying lemur, Cynocephalus (---- Caleo ■ 
pi thca/s}. 


Order 3. Chiroptera 

Members belonging to this order are the 
only mammals which have mastered true 
flight like birds. The evolutionary history 
of Chiroptera is inadequately known. It is 
believed that they. liav£{ at the beginning, 
undergone through a very rapid evolutio¬ 


nary metamorphosis as the first known bats 
of Eocene age were little different from 
their modern relatives. The bats are nume¬ 
rous and their distribution is world wide. 

In bats, the forelimbs are modified to 
form wings. The forelimb bones are elon¬ 
gated, as are all the fingers excepting the 
pollex for the support of the membrane 
that runs between fore- and hindlimbs. 
An interfcmoral membrane is present bet¬ 
ween the femurs. It is supported by a carti¬ 
laginous calcar of the ankle. A short tail 
is often included in the interfemoral mem¬ 
brane. 'I he wings are peculiar by having 
direct arterio-venous connections. The first 
digit of the forelimb is small, free from 
the wing and bears a claw. The hindlimbs 
are weak thus making the bats helpless on 
ground. The foot has live clawed digits and 
the bats hang upside down with the hind¬ 
limbs. 

Pinna is well developed and in many 
a complicated foliaceous nose folds around 
the nose is present. Recent experiments 
have shown that during flight the bats emit 
a constant stream of supersonic squeaks. 
The cars catch the echoes or reflections of 
the sounds from nearby objects and they 
are being guided by hearing the echoes. 
Bats are nocturnal but can persue insects 
ignoring their own sense of vision. The 
brain has smooth cerebral hemispheres 
which do,.not cover the cerebellum. The 
olfactory region of the brain is ill deve¬ 
loped. Only one young is born at a time. 
The milk set of teeth of the young is hook¬ 
ed which aids in clinging with the body of 
the mother. The testes are abdominal in 
position. 

Sutures of the skull are obliterated. The 
postorbital process of the frontal is well 
developed. Orbital and temporal fossae are 
confluent. A lacrymal foramen is present 
outside the orbit. Zygomatic arch is cylin¬ 
drical. Tympanic bulla is ill developed. 
Molars have cusps. The ribs are flat and 
fused with the vertebrae to become rigid 
during flight. 

The clavicle is stout and remains fused 
with the sternum and scapula. The ster¬ 
num is provided with a flat keel for the 
attachment of pectoral muscles. The hind¬ 
limbs are rotated so that the knee is direct¬ 
ed backward. The cavity of the acetabu¬ 
lum is dorsal in position. Fig. 9.37 gives an 
idea of the skeletal framework of Fruit bat, 
Pteropuw 
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claws 



Fig. 9.37. Skeleton of Pteropus. 


Two suborders: Megachiroptera and 
Microchiroptera * are included under the 
order Ghiroptera. Besides the common 
chiropteran features, the suborders differ 
considerably from each other which are 
tabulated in Table Chordata 16. 

Suborder Megachiroptera. They art- 
large in size among the chiropterans and 
fruigivorous in habit. Eyes are large and 
snout is elongated. T ail is fire from inter- 
lemoral membrane. Pinna is simple and 
leaf-like nasal or auric ular appendage is 
absent. T he 2nd digit of the forelimb is 
provided with daws. Molars are devoid of 
sharp cusps, but are with longitudinal 
grooves. 

Example: Pteropus ^Flying fox). 

Suborder Microchiroptera. T he order in- 
eludcs small and insectivorous forms. Eyes 
are small and snout is short. The first 
digit of the forelimb is provided with daw. 
The tail, when present, is enclosed in the 
interfcmoral membrane. T he pinna is 
large and is provided with extra lobe inside 
called tragus . Leaf-like auricular appen¬ 
dage is present. Molars are with sharp 
cusps and transverse grooves. 

Examples: Vespcrlitio , Rhinolophus and 
Desmodus. Desmodus is a vampire* bat with 
an extra lobe in stomach. 

Order (4) Primates 

The primates are not so specialised as 
they are believed to be. The primates have 


Table Chordata- 10 

COMPARISON BETWEEN MEC.Al'.MIMOPTERA AND MIOROCHIKOPTERA 


Points 

Mrgachiroplcra 

Microchiioptera 

1. Size 

Largest amongst bats. 

Smaller. 

2. Food habit 

Fruigivorous. 

Insectivorous. 

3. Eyes 

Large in siz*. 

Small in size. 

4. Snout 

Elongated. 

Short and blunt. 

5. Pinna 

Simple and devoid of leaf-like auri¬ 
cular appendages. 

1 Large and with extra lobe called the 

1 tragus. Leaf-like auricular appendages 
] are present. 

6 . Tail 

Free from interfemoral membrane. 

When present, is enclosed in the inter- 
fernoral membrane. 

7. Claws in fore¬ 
limb 

Both the first and second digits are 
clawed. 

Only the first digit is with a daw. 

8 . Molars 

Devoid’of sharp cusps, but possess 
longitudinal grooves. 

Have sharp cusps and transverse 
| grooves. 

9. Examples 

Pteropus (Flying fox). 

Vesperlitio, Rhinolophus and Desmodus. 
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retained many primitive and generalised 
euthcrian characters and it the same time 
they show specialisation in some respects. 
The primates are primarily arboreal and 
return to land as a secondary condition. 
Primates are omnivorous in habit. 

The body is covered over with hairs 
except the palm, sole and parts of face. 
The neck is mobile. Forelimbs are shorter 
than hindlimbs. Limbs have five digits 
and all the digits end in Hat nail. The 
pollcx or thumb, hallux or first toe arc 
smaller than other digits and are 
opposable (except the hallux of man). 
Locomotion is of plantigrade type. Tail 
is present in most forms. 

Brain is highly developed. The cerebral 
hemispheres art* enormous, muc h convolut¬ 
ed and cover the cerebellum. Neopallium 
and cortex are well formed. Olfactory re¬ 
ceptor organs, olfactory bulbs and rhino- 
pallium are drastic ally reduced. The eyes 
are directed forward and the vision is 


binocular and stereoscopic. The face is 
subcerebral. 

Teeth shows reduction in number. 
Stomach is simple. Caecum is variable in 
size. Testes lie in scrotal sacs. Mammae 
arc two and thoracic in position. Usually 
one young is born at a time and parental 
care is needed for a long period alter birth. 

The skull is more inclined to the verte¬ 
bral axis. Orbital ring is complete and the 
eye-socket is confluent with temporal fossa 
or is separated by a partition. Foramen 
magnum faces downward. Zygomatic arch 
is complete. The tympanic bulla is formed 
by a flange from the petrosal. The cheek 
teeth are of bunodont type. Clavicle is well 
developed. Radius and ulna move freely on 
one another. Lunar and scaphoid art- 
distinct and well developed. 

The order Primates includes three sub¬ 
orders: Lemuroidea, Tarsioidea and Anth- 
ropoidea. The differences between the sub¬ 
orders are shown in fable Chordata—17. 


Taiii.i. Chordata- 17 

COMPARISON BKTWKKN I.EMI'ROIDIlA. TARSIOIDEA AND ANTHHOPOIDKA 


Points Lemuroidea 


1. Distribution .. Madagascar. certain 

parts of Africa and South 
India. 

2. Habit .. Nocturnal. 

3. Hairs . . I Jiickly coated. 

4. Muzzle Elongated and pointed 

with a rhitmum at the tip. 

5. Eyes .. Laterally placed. 

t). Pinna .. | Pointed. 

7. .Palmer and plan- ] ()ften with hairs, 

ter surfaces j 

if Digital tips . . j Provided with flat nail 

| except the second digit of 
hind limb. 

9. 'fail . . , Long, bushy and non- 

I prehensile. 

10. Dental formula f, j. 

11. Cranial Small. 

capacity 


Tarsioidea Anthropoidea 

Phillipiue. (Cosmopolitan. 


Nocturnal. Not usually nocturnal. 

Thickly coated. Scanty. 

Very short. Very short. 

Directed forward. Directed forward. 

Pointed with tuft of hairs. Rounded. 

Rear flat nail except the Provided with flat nail 
second and third digits of except the second digit 
the hindlimbs. Adhesive of the hindlimb of Hapa- 
discs are present. . lidac. 

Elongated with a tuft of If present, prehensile, 

hairs at the tip. It is non- 
prehcnsile. 



Moderate. Large. 
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Table Chordata 17 (cmitd.; 


Points 

J.emuroidca 

Tarsioidra 

Anthropoidea 

12. Jugal 

Extended backward. 

Not so much extended j 
backward. i 

Not e\tended at all. 

13. Nasal 

Broad posteriorly. 

Narrower posteriorly. ! 

Nartow j>ostei iorly. 

14. Palate 

Thickened at the poste¬ 
rior border. 

! 

No thickening. 

No thickening. 

lh. Orbital fossa .. 

Confluent with temporal 
fossa. 

Communicates with the 
temporal fossa by a wide 
fissure. j 

Separated b> a bony 
! partition from the tem¬ 
poral fossa. 

If). Larrymnl 
foramen 

Extraorbilal. 

Extraorbital. 

Infraorbital. 

17. Mandibular 
symphysis 

i Weak. 

Eairh developed. 

Strongly developed. 

18. Sacral vertebrae 



1 a 

19. Thoracolumbar 
vertebrae 

20 21 


Hi 20 

2U. Ilia 

Narrow and curved out¬ 
side. 

Broad and directed for¬ 
ward. 

! Broad, 

21. Epicondylar 
foramen 

j Present. 

i 

Present. 

Absent. 

22. Third 
trochanter 

Present. 

Absent. 

Absent. 

23. Rctia mirabilia 

j Present. 

Present. 

Absent. 

21. Cerebrum 

Does not cover the cere¬ 
bellum. 

Does not cover the rc.re- 
: bellutu. 

* Covers the cerebellum. 

2. r >. 1 hems 

Duplex. 

Bicornuatc. 

Simplex. 

2b. Placenta 

Diffused and iudetidu- 

Metadiscnidal and deci- 
duate. 

j .\I.rladis< oidal and Itac- 
mo< lmrial. 

27. Lrcthra 

Traverses the clitoris. 

j Tr.i\ersrs the clitoris. 

j ( Ilitons is not traversed 

1 hv urethra. 

28. Sphicler coll 

Not developed. 

Not developed. 

Present and developed 
, to express emotional 
; signs in the face. 

29. Examples 

| Lemur , Loris. 

Tnr.'iux \ beef rum. 

i New world and old 
world monkeys. 


The suborder Anthropoidea has two 
divisions under it. I ho divisions are: Pla- 
tyrrhina (New world monkeys) and Cat- 
arrhina (Old World monkeys). Table Chor¬ 
data-18 shows the differences between 
the two divisions. 

Evolutionary significance of Primates 

The primates include three distinct groups: 


Lemurs, Tarsioids and Anthropoids, these three 
groups exhibit an evolutionary sequence from lowly 
r»j highly developed condition. 

Lemurs occupy the primitive rank. I he suborder 
Lemuroiclea shows many distinguishing features 
which are most primitive. These primitive fcaturp 
arc: (1) I.ow brain-case with its marrosrnatie brain 
and uncovered cerebellum. i*2) Backward extension 
of jugal. (3) Epicoiulyler foramen in humerus and a 
third trochanter in femur are present. (4) Laterally 
placed eyes. (5) Dentition is oh the primitive tritu- 
bemilo-scctorial plan. 







382 


BIOLOGY OF ANIMALS 


Table Chordata—18 

4 

COMPARISON BETWEEN PLATYRRH1NA AND CATARR HINA 



Points 

Platyrrhina 

Catarrhina 

1 . 

Distribution .. | 

New World- tropical and neotropical 
Brazil. 

()ld world- -cosmopolitan. 

2 . 

Habit 

Arboreal. 

Arborcal/tcrrcstrial. 

3. 

Disposition of 
hair 

Usually directed downward. 

Variously disposed. 

4. 

Nose ' 

Flat, laterally directly. 

Pointed, directed downward. 

5. 

Cheek pouch 

Absent. 

Present. 

6 . 

Nail 

May be claw-like as in Hapalidae. 

Flat. 

7. 

Tail 

Long and prehensile. 

May be absent, if present, not pre¬ 
hensile. 

8 . 

Forelimbs 

Almost equal to the hindlinibs. 

May be longer than hindlimbs. 

9. 

Size and shape 
of skull 

Usually narrow and small. 

Rounded and large. 

JO. 

Alisphenoid .. 

Meets die parietal. 

Does not meet the parietal. 

11 . 

Jugi'l 

Comes in contact with the post-orbital 
process of the parietal. 

Does not come in contact with Lhc 
parietal. 

12 . 

Tympanic bulla 

Well-developed. 

Ill-developed. 

13. 

Bony auditory 
meatus 

Ill-developed. 

Well-developed and tubular. 

11 . 

Auditory i ing 

Not fused with the skull. 

Fused with the skull. 

13. 

Internasal 

septum 

Broad. 

Narrow. 

16. 

Thoracolumbar 

vertebrae 

Usually 19-20. 

Usually 16-18. 

17. 

Caudal ! 

vertebrae 

Never less than 1-1. 

Variable. 

18. 

Sigmoid notch 

Ill-developed. 

Well-developed. 

19. 

Ischial ealosities 

Absent. 

May be present 

20 . 

Dentition 

i*. c{, pmj. m!v (in Hepah'dae nu). 

pm|, m$. 

21 . 

Number of off¬ 
springs 

Usually more than one. 

Usually one. 

22 . 

Examples 

CebtiSy Ateles /'spider monkey), Alouatta 
(howling monkey). 

Mao am (Rhesus monkey), Semnopithi- 
itis or Preshy Its (Langur), Simia (Apes), 
Hyiobates (Gibbon), Homo (Man). 


Tarsioids—jorm the iutemu Hate link. The tarsioids Anthropoids-—occupy the highest rank. The position oi 

occupy an intermediate position between the lemurs anthropoids in the highest rank amongst primates is 

and anthropoids. The lemuroid features are the pre- indisputable, because the anthropoids possess the 

sencc of extraorbital lacrymal foramen and retia following characteristics: (1) Forwardly directed 

mirabilia. But the tarsioids are more advanced than stereoscopic eyes.'(2) Absence of retia mirabilia. 

lemurs by having: (l) Forwardly placed eyes. (2) >3) Clitoris is not traversed by urethra. (4) Ad- 

Microsmatic brain. (3)Femur with third trochanter. vanced brain with cerebellum covered by cerebrum. 

(4) Jugal does not extend backward. Both have large number of convolutions. 
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The evolutionary development of the order pri¬ 
mates and its phylogenetic relationship with other 
mammals is far from complete because of the rarity 
of preservation of the arboreal skeleton. From the 
scanty fossil evidences and also from the surviving 
forms, the prime evolutionary trend is the gradual 
increase in size and complexities of brain, especially 
the ncopallium. The development of brain is largely 
due to the acquision of an opposable thumb and a 
grasping hand that enable them to bring the ob¬ 
jects before the eyes for examination. . 

Order 5. Tillodontia 

The tillodonts are considered as an 'orphan 
order* that evolved during Palcoeene and Eocene 
from an insectivorc stem and then became extinct. 
The size was large. They lmd strong skeleton with 
heavy and clawed feet. The skull had many 
similarities with the skull of rodents. The incisor 
teeth in both upper and lower jaws were large 
and chisel-shaped. Example: Tillotherium. 

Order G. Taenodontia 

They also arc considered as ‘orphan order* and 
are all extinct. They were large animals with a 
foot or more in length. The limbs were clawed 
and strongly built. The teeth were long, rootless 
and were with little enamel. Example: Slylinadont. 

Order 7. Edentata 

It is represented by polymorphic: and 
geographically restricted group of mam¬ 
mals. Despite repeated taxonomic re-* 
arrangements the true affinities between 
the different members of the group is not 
dearly established The edentates except¬ 
ing the ant eaters possess teeth. Incisors 
and canines art absent but molars are long 
and similar in appearance. Enamel and 
root are absent but the pulp cavity is 
persistent. A sticky longue is present. 
Zygomatic arch is reduced or ahsrii'. 
Clavicle is present but the coracoid and 
acromion are fused. Ischium is united with 
anterior caudal vertebrae. Posterior thor¬ 
acic and lumbar vertebrae are with addi¬ 
tional pair of zygapophyses. 

Suborder 1 . Palaenodonta This North 
American group was an offshoot from the 
ancestry that gave rise to Xenarthra. They 
existed between Paleocine and Oligocene. 

Metacheiromys of Eocene was about: 18 
inches in length. In all probabilities they 
lacked the dermal armour of armadillos 
but resembled them in finer details. The 
canines *were enamel covered but other 
teeth were reduced. Ischio-caudal sym¬ 
physis and extra zygapophyses were ab- 
scr f . 

Suborder 2. Xenarthra Despite a great 
‘ diversity of appearance and behaviour the 
group forms a natural and exclusive group. 


All the members of Xenarthra belong to 
South America! Enamel in the teeth is 
lacking. The zygomatic arch is reduced or 
absent. Coracoid and acromion are fused. 
Additional pair of zygapophyses is present 
on the lumbar vertebrae. Ischio-caudal 
symphysis is present. Brain is simple and 
poorly developed. Testes are abdominal. 
The feet are clawed. 

Infraorder (a) cincjulata. Body is covered 
with horny scutes. Teeth are many. The 
jugal arch is complete. Many parts of the 
vertcberal column are fused. 

Superfamily Dasypodidae . The members 
have small but broad and compressed 
head. Number of digits in the ibrelimb 
varies from 3-5. The digits end in powerful 
claws. 'The digits on the hindlimb are 5 
in number but the claws are weakly deve¬ 
loped. The tail is well developed. An ar¬ 
mour of bony dermal plates covers the 
dorsal part of the body. The armour is 
divisible into three distinct regions. The 
anterior part is formed by closely knitted 
scapular shield, the middle part is formed by 
a series of transverse hands separated from 
one another by hairy skin and the posterior 
part is formed by a pelvic shield. Examples: 
Armadillos (Chlainyphoroits, Tolypeules ). 

Infraorder (b) pilosa. Body is hairy. Teeth 
are much reduced. Jugal arch is incom¬ 
plete. Parts of the vertebral column are 
not fused. 

Supcrfainily Myrmecophagoidea. Members 
are represented by ant-eaters. 'The mouth is 
small and snout is elongated. Eyes are 
small. Eorelimb has 5 digits. 'The 3rd 
digit is with powerful claw. 'Toes vary in 
number from 4 5 and are clawed. Body 
hairs are long. Tail is long and usually pre¬ 
hensile. Examples: Myremecophaga , Taman - 
dua . 

Supcrfamily Bradypodidae. Members are 
with short and round head. Pinna is small. 
Limbs are long and slender. Forelimbs are 
larger than hindlirnbs. There arc three 
digits in each limb. 'The digits are provid¬ 
ed with long, curved and hook like claws. 
Arrangement of hairs are opposite of other 
mammals. Algae grow on hairs to give a 
protective coloration. Facial part is shorter 
than cranial part. Teeth are few in num¬ 
ber, only 4-5 similar molars on each half 
of the jaw. Cervical vertebrae are 6-9 in 
number. Thoraco lumbar are more than 
19. Members are nocturnal, vegeterian, 
arboreal and solitary animal of slow habit. 
They are found in the rain forests of 
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Nmth and South Amerjca. Examples: 
Bradypus (3 toed sloth), Choleopus (2 toed 
sloth). 

Order 8. Pholidota 

The members of the order were included 
in the order Edentata. But because of 
the morphological differences present 
between them a separate rank has been 
allotted to them. Most forms under this 
order are burrowing and terrestrial. They 
arc found in Tropical Africa and Asia. 
They are primarily ant-eaters. 

Body measures about live feet. On the 
dorsal surface of head, body and tail horny 
scales are present in an imbricated fashion. 
Eew hairs peep through these scales. The 
ventral surface is covered with hairs. The 
eyes are small and pinna is ill developed. 
The tail is long anti tapering. The limbs 
are short but powerful; There are five 
digits in each limb. The digits arc provided 
with ( laws. The claws of the forelimb arc 
curved and sharp. Hindlimb is plantigrade 
in nature. The facial part is prolonged to 
form a short muzzle. 

The tongue is long, sticky and protru- 
sible and is retained in a sac. 'Teeth are 
absent. 

The skull is long and cylindrical. The 
orbital and temporal fossae arc not sepa¬ 
rated. Jugal is reduced. The clavicle is 
absent. 'The sternum is provided with 
cartilaginous rods which extend uplo the 
pelvis. Example: Man is (scaly ant-eater or 
Pangolin). 

Cohort ( b ) Glires. The cohort includes a 
large number of forms which were former¬ 
ly included within the order Rodentia. 
This cohort is now divided into two 
order Rodentia and order Lagomorpha. 
Many adaptive parallels iri morphology, 
physiology and behaviour are present bet¬ 
ween the members of the two orders. It is 
believed that the two orders have separate 
lines of evolutionary sojourn, though both 
arose from primitive inscctivores. 

Order 1 . Rodentia 

The order consists of about three thou¬ 
sand species and is numerically the largest 
of all the mammalia^ groups. 'They are 
global in distribution. Rodents are among 
the few successful eutherian mammals 
that thrived well in Australia. 

Rodents are small, herbivorous and 
terrestrial animals. The largest living ro¬ 
dent is Gapybara (Hvdrocfioerus) which is 


about the size of a pig, Beavers, amongst 
the rodents, are aquatic. 

The body of the rodents is covered with 
soft hairs. Eyes are small but pinna is well 
developed. 'The tail is short or long. The 
forelimbs are smaller than the hindlimbs. 
Limbs are provided with blunt claws. 
Locomotion is of plantigrade type. 

The brain is small. Cerebral hemispheres 
arc smooth and olfactory lobes are large. 
Intestine and caecum are large, jaw mus¬ 
cles are well developed for the purpose of 
gnawing. Testes are abdominal or inguinal 
in position. 'Peats in females are abdominal. 
The rate of reproduction is rapid and 
prolific. 

The skull is small. Anterior symphysis 
between the jaws are absent. The pre¬ 
maxilla and maxilla are long for housing 
the incisors and masseler muscle. The 
jugal is extended to the glenoid cavity irl 
many forms. Zygomatic arch is complete 
and tympanic bulla is large. The dentition 
is modified for chewing and gnawing. T here 
is a single pair of incisors in the upper and 
lower jaw. The incisors are large, shaip 
and chisel-shaped. Enamels arc absent on 
the posterior surface of the incisors and as 
a result they wear off quickly. As the inci¬ 
sors are provided with persistent open 
roots they grow throughout life. Canine 
and anterior premolars are absent. A gap 
called diastema is present between incisors 
and cheek teeth. There are two premolars 
in the upper jaw and one in the lower jaw. 
The cusps of the prcrnolars and the molars 
are joined in transverse fashion. 

The scapula is provided with acromion 
and some time with metacromiou process. 
Clavicles are well developed. 

Suborder (i) Seiuromorpha. These are 
primitive forms. Two upper prcrnolars and 
one lower premolars are present. Infra¬ 
orbital foramen is not enlarged to transmit 
any part of the masseter muscle. Exam¬ 
ples: Funambulus (Squirrel), Petaurisla (Fly¬ 
ing squirrel). 

Suborder (it) Theridomyornorpha. 'They 
form a separate group of Squirrel like ro¬ 
dents. The infraorbital opening is large 
but does not transmit any part of the 
masseter muscle. They are of old world 
origin and distribution. Examples: Ano - 
malurus (West-African flying squirrel), 
Pedetes (Jumping hare). 

Suborder (iii) Castorimorpha. The sole 
survivors of the castorimorphs are the 
beavers. They are aquatic. Tlie feet are.. 
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webbed and the tail is covered with scale. 
Large oil glands are present in the anal 
region. Example: Castor (Beaver). 

Suborder (iv) Myomorpha. The infra¬ 
orbital opening is large. The superficial 
portion of the masseter muscle passes for¬ 
ward in front of the orbit while the me¬ 
dian portion passes through orbit. The 
hindiimbs are longer than forelinibs. Ex¬ 
amples: Aim (Rat and mice), l)ipus (Jer¬ 
boa) , Z a P us ( J uniping mouse). 

Suborder (v) Gaviomorpha. It includes 
New World porcupines. Hairs are modified 
into quills. Examples: Cavies* Agouti, Chin¬ 
chilla. 

Suborder (vi) Hystricomorpha. The infra¬ 
orbital is enlarged to the greatest extent. 
The median portion of the masseter mus¬ 
cle is enlarged and is attached to the jugal 
arch. In some forms, hairs are modified to 
form quills. Quills on the body are solid but 
those on the tail are hollow. Examples: 
Covin (Guinea-pig). JJystrix (True porcu¬ 
pine of Asia and Africa). 

Suborder (vii) Bathycrgomorpha. Only 
one genus of Bathycrgomorpha is found in 
Africa. They arc pec uliar rodents and arc 
burrowing in habit. The skin is almost 
devoid of hair. Example: Helemephalus 
■ Naked rat of Africa). 

Order 2. Lagomorpha 

The members belonging to the order 
Lagomorpha were formerly included in a 


suborder Duplicidcntata unde)’ order Ro- 
dentia because *of superficial similarities. 
In recent years the Zoologists consider the 
similarities as the result of convergent 
evolution. The fossil forms found in the 
sediments of Paleoecne show that the two 
groups were quite distinct from each other 
in their early stage of evolution. They 
are distributed in Eurasia, Africa, North 
America. 

The members belonging to this group are 
small herbivorous and gnawing forms. Body 
is covered with soft hairs. Eyes are large and 
pinna is long. Hindiimbs are larger than 
the forelimbs. Digits end in claws. The 
upper lip is provided with a cleft in the" 
middle. The tail is almost vestigial. 

The brain is small. Masseter muscles 
arc enormously developed but temporal 
muscles arc weak. Testes lie inside scrotum. 
Nipples are abdominal in position. 

The skull is small. Figs. 9.38 and 9.39 
give an idea of the struc tural organisation 
of skull and lower jaw of Oryclolagus , a 
typical representative of the order. Anterior 
symphysis of the 1 lower jaws is present. The 
orbit is small and musc les never invade the 
infraorbital canal. Lower jaw articulates 
with squamosal. Squamosal lias large 
glenoid fossa. The* maxillae are laterally 
fenestrated. There are two pairs of incisors 
in the upper jaw and one pair in the lower 
jaw. The incisors of upper jaw r arc of une¬ 
qual size. A larger pair lies in front and the 
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Fig. 9.38. Dorsal (A) and Ventral (B) view of the skull of Oryctolagu v 
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smaller pair lies behind the front pair. The 
incisors are chisel-shaped' and are covered 
with thick enamel in the anterior surface 
and with thin enamel in the ventral sur¬ 
face. They are with persistent pulp. Cani- 
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fig. 9.39. Lateral view of skull (A) anrl lower 
jaw (II) of Oryctologus. 


ncs are absent and as such diastema is pre¬ 
sent. There are three premolars in the 
upper jaw and two in the lower jaw. Molars 
are three in number in each jaw. Scapula 
is with acromian and metacromian pro¬ 
cesses. "L ibia and fibula arc fused. Exam¬ 
ples: Oryciolagus (Rabbit), Lepus (Hare), 
Pika. 

Cohort (c) Mutica. The cohort includes a 
single order Cetacea. These are highly spe¬ 
cialised mammals and show complete 
divergence from their primitive eutherian 
ancestors. The whales are aquatic in all 
stages of life and because of this peculiar 
adaptation their affinity with other mam¬ 
mals as well as their phylogenetic history 
lias become obscure. 


Order 1. Cetacea 

The body is large, torpedo-shaped and 
devoid of hairs. A few sensory bristles are 
present on the face. The skin is smooth 
and skin glands are absent. The pinna and 
nictitating membranes are absent. Finger 
N nails are absent. Hindlimbs are absent. 
Forelimbs are modified to form the flip¬ 
pers. The nasal openings are asymetrical 
and located far back # on the upper surface 
of the head. The neck is short. The tail 
laminates in a horizontal fin that moves 


up and dovfoi.JThe tail fin called ‘fluke* is 
a neomorphic* structure. It is stiff and 
strong but contains no bone. A fleshy 
dorsal fin, another neomorph is present on 
the dorsal side and acts as stabiliser. 

A thick subcutaneous layer of fat called 
blubber is present underneath the skin. 
This acts as heat insulator and reservoir of 
food. Teeth may be present or absent. 
Stomach is large and is divided into seve¬ 
ral chambers (Fig. 9.40). The liver is 
bilobed. The external nasal aperture can 
be closed by valves. Epiglottis is tube like. 
The diaphragm is thick and obliquely 
placed. The lungs are highly elastic and 
extensible. Blood vessels arc present all over 
the body and form networks or Retia 
mirabilia specially in the thoracic region 
for storing extra oxygen to be used when 
under water. Brain is highly developed. 
Olfactory lobe is reduced. The scrotum 
is absent and the testes lie inside the 
abdomen. The penis when not erected 
remains curled. The uterus is bicornuate. 
A single young is born at a time. Gestation 
period is more than a year. A single pair 
of mammary glands arc located in the 
inguinal area. The mammary glands are 
provided with muscles that help secretion. 
The teats lie in soft pockets. The new 
borns are usually large and well formed. 



Fig. 9.40. Diagrammatic sectional view of the 
stomach of Phocaena. 


Tn between the vertebrae and tail, long 
muscles and tendons are present. These are 
with much myoglobin. 

Fig. 9.41 gives the idea of the skeleton 
of Balaena. In the skull the cranium is 
dorsoventrally flattened and the facial 
part is elongated. The jaws are elongated 
and asymetrical. The parietals are* separa- 
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mandible scapula^ humerus 


Fig. 9.41. Skeleton of Balaena. 


ted by supraoccipital and intcrparietals. 
The sagittal suture is absent. Zygomatic 
process of squamosal is large and stout. 
Jugals are small. Maxilla is large and 
extends backwards to overlap the frontals. 

I he premaxilla is long and narrow. Nasals 
are small. Tympanic bone is large. Tym¬ 
panic bulla is loosely articulated. Ascending 
ramus in the lower jaw is absent. 

The cervical region is very short. Cervi¬ 
cal vertebrae are fused to form a bony 
mass keeping atlas separated. Cervical 
vertebrae, when remain separated, beat- 
small arches and long transverse processes. 
Sacral vertebrae are absent. Caudal 
vertebrae are with chevron bones. Epiphy¬ 
sis remain as separate discs. Zvgapophyses 
are poorly developed or absent. Sternum 
is much reduced. One pair of ribs articu¬ 
lates with the sternum. Ribs lack heads. 

Proximal pari of forelimb is embedded 
in the body. Scapula is broad and fan¬ 
shaped. Scapular spine is absent. Acromian 
is curved. Coracoid is compressed. Clavicle 
is absent. Humerus is short, stout and its 
head moves freely in the glenoid cavity. 
The proximal ends of radius and ulna arc 
firmly united with the humerus. Number of 
digits are either reduced to four or increased 
to more than five (hyperdactyly). Number 
of phalanges is more than usual number 
in 2nd and 3rd digit (hyperphalangy). 
Fig. 9.42 shows the hyperphalangy of the 
forelimb df dolphin, Globicephala. The 
vestiges of pelvis remain as a pair of long 
narrow bones lying parallel to the spinal 
column a little below the region where 
chevron bones begin. Vestiges of femur 
and tibia are often encountered. 

Suborder ( i ) Archaeoceti. This suborder 
includes primitive or first whales, the fossil 
forms of which have been found in the 
sediments of mid-eocene. They were large 


attaining a length of about fiO feet. The 
tail was very large. The forelimbs were 
modified into paddles. The hindlirnbs were 
ill developed. The skull was more primi¬ 
tive than I hat of latter whales. The facial 
hones were not telescoped into the back of 
the skull. The teeth were 44 iu number. 
The incisors and canines were simple and 
sharp. The cheek teeth were cuspcd and 
die cusps were arranged in a single line. 
The nostrils were located in a forward 
position and not on the top of the skull as 
they are now. All arc extinct. Examples: 
Protoceluhocelus , Basilosaurus (Zjmglodon). 



Fig. 9.42. Forelimb of Globicephala showing hyper¬ 
phalangy. 


Suborder (*i) Odontoceti. It includes 
toothed whales. The members may be 
fresh water and marine. The fresh* water 
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forms retain many primitive characters. 
The cervical vertebrae in them are not. 
fused. The interlocking processes of the 
thoracic vertebrae are more prominent. 
There are many double-headed ribs. They 
bear a fairly long beak with sharp homo- 
dont teeth on both the jaws. The eyes 
are rudimentary. External nostrils are 
united to form a single hole. The nipples 
in the females lie close to the anus. The 
dorsal fin is represented by a ridge. The 
head is round and the skull bears a bony 
process called maxillary crest . Hypcrpha- 
langy and hyperdactyly are absent. Size 
is smaller in fresh water .forms. 

The marine forms arc usually larger in 
size. The head is large, and swollen at the 
anterior to form a rostrum. The rostrum 
contains a valuable whale oil called 
spermaceti. The lower jaw is long, narrow 
and bear teeth. The upper jaw bone is 
wide posteriorly and lies above the frontal 
bones. Teeth in the upper jaw are vestigial. 
The maxillae and nasals are unequal in 
size. Anterior ribs have capilnlum and 
tubermluni. Sternum is divided imosterni- 
brae.^MJ seven cervical vertebrae are fused 
together. Secretion of the intestine forms a 
stone like ambergris. Examples: Plwcaena 
(Porpoise), Plalanista (Dolphin), Orcimus 
(Killer whale), Plyseser (Sperm whale). 

Suborder (Hi.) Mvsliceti. The order in¬ 
cludes those whales which arc toothless in 
adult stage. Teeth are replaced by more 
than 300 triangular plates or baleen (See 
Fig. 9.41). The baW n is made up of horny 
structures arid hangs from the roof of (he 
mouth and its free end is fringed. The 
baleen is arranged in two rows one on cither 
side of the tipper jaw. Blubber is thin. 
The tongue is muscular. The dorsal fin 
is small and is situated far back. The skull is 
symmetrical and the nostrils are paired. 
T he sternum is not divided into sternibrae. 
Ribs are single headed. Cervical vertebrae 
are usually fused. Examples: Baleimptera 
(Blue whale). Me gap ter a (ITump back 
whale), Caparea (Pigmy whale). 

Cohort (d) Ferungulata. A large number 
of mammals which are both herbivorous 
and carnivorous in habit are included in 
this cohort. The inclusion of carnivorous 
and hoofed mammals under one head may 
appear strange but palaentological evi¬ 
dences show that both of them arose from 
a common mammalian stalk during Plio¬ 
cene period. 


Order 1 . Carnivora 

This order includes the strongest and 
most formidable of all the terrestrial 
mammals. They are endowed with procli¬ 
vities of a violent nature and organised for 
slaughter and carnage. They form a well- 
diversified group and show a wide range 
of adaptive radiation. Most carnivores 
are terrestrial but some forms are aquatic. 
Terrestrial forms have strongly built 
limbs. In aquatic forms, the distal part is 
modified into paddles and hindlimbs arc 
directed backward. Number of digits in 
the limbs are usually five but never less 
than lour. Digits end in sharp claws and 
claws may be retractile. Locomotion is 
digitigradc or plantigrade. 

Brain is highly developed. Intelligence in ■ 
the form of mental alertness and coordi¬ 
nated actions is present. Sense of smell js 
well developed. Dentition is highly specia¬ 
lised and characteristic, intestine is short 
and caecum is small or absent. Scrotal 
sac is present. Mammae are abdominal in 
position. Uterus is bicornuale. Placenta is 
deciduate and zonary. 

The skull is short and high. Sagittal 
and lambdoidal crests are well developed. 
Zygomatic arch is strongly built. T he tern- • 
poral fossa is deep. Glenoid fossa is trans¬ 
verse. The tympanic bulla is large and 
rounded. 

The cavity of the bulla is separated into 
an anterior and a posterior part by a sep¬ 
tum. The posterior part of the bulla is 
often associated with a paroccipital pro¬ 
cess. Three pairs of incisors are present both 
in the upper and lower jaws. Canines are. 
sharp and pointed. 'Hie last upper pre¬ 
molar and first lower molar have become \ 
transformed into blades that act against 
each other like the blades of a pair of 
scissors. They are jointly known as car- 
nassial teeth. Fig. 9.43 shows the carnassial 
teeth in different carnivores. The lasr two 
molars in each jaw act as crushing teeth. 

The atlas is large and is provided with 
wing like lateral processes. The neural 
spine of the axis is long and compressed 
and the odontoid process is conical. Cervi¬ 
cal vertebrae are with small spine and long 
transverse processes. Thoracolumbar ver¬ 
tebrae are 20 or 21. Anterior thoracics are 
with slender but backwardly directed 
spines. Posterior thoracics bear well deve- • 
loped metapophyses and anapophyses. W 
Lumbar vertebrae have short spine and 
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«. long transverse processes; The sternum is 
long, narrow and is made up of 8 or 9 
sternibrae. Sternal ribs arc not calcified. 
The clavicles are reduced. In the wrist, 
scaphoid 3 lunar and emirate are fused. This 
order includes three suborders: Greodontia, 
Fissipedia and Pinnipedia. The order 
Creodontia includes the extinct forms. 



Fig. 9.43. C; lassial teeth of different carni- 
. vorcs. A-G. Upper carnassials of h'elis (A). Canis 
(B), Ursus (Cl). D 1. Lower carnassials of I'clis 
(D), Cams (E), Her pedes (F), Ultra Maks (IT), 
l?rsus ( I). 


Suborder { 1) Creodonla. The suborder includes 
extinct members whlth were very dominant flesh 
eaters of Pliocene. The members were moderate in 
size. The limbs and the body were long and slender. 
The limbs were pentadactylous and digitigrade. 
Brain was poorly developed and the skull arch was 
low. T he dentition was complete. Garnussial teeth 
were still to appear. It is believed that from this 
centralised and mispecialised assembly diverse 
modern carnivores have evolved which lived until 
Oligorene. Examples: Triretites. Cltunodon, Auimron. 


.Suborder \ii) Fissipedia. Terrestrial 
members of the order Carnivora are includ¬ 
ed in this suborder. On the basis of ana¬ 
tomical characters such as structure of the 
auditory bulla, presence or absence of 
alisphenoid and the pattern of molar 
teeth, the suborder has been divided im»> 
two super families. 


Super family: Catwidca or Aretaidea 

The tympanic bulla is not partitioned or parti¬ 
tion is incomplete. Paroccipital process is small or 

absent. Dentition in inn \ forms is 


T here arc live families of which out: is extinct. 

Family: Miacidae ( Ex< inci t. 

Family Cancidae. Distribution is universal except¬ 
ing Australia, l\ew Zealand and Madagascar. The 
limbs are long. Forelimbs are with 4 or a digits. 
Hindlimbs are alwavs vvitli 1 digits. Pollex and 
hallux are reduced. Gl.tws arc non-rcl tactile and 
locomotion is digitigrade. Gainassials arc well 
developed. East upper prenmlar is absent. Fig.9.44 
shows the organisation of skull and lower jaw of a 
typical < arnivore, Cams. 

Examples: Cams <dog). \'idpe\ Mox), Cyan (wild 
dog). 

Family Mustelidar. Members an slender bodied, 
long necked but short legged forms. Glaws are 
nnu-refracblc. in semi-aquatic ()Mer the digits are 
webbed. Gurnassial teeth are well developed. Last 
upper molar is expanded. Tympanic bulla is not 
inflated and internal septum is absent 

Examples: Latin (Otter;. 1 1ides (Badger., Mus- 
tella. (VVeasealsj. 

Family l T rsidae Members are larj*c. Body is covered 
over with coarse hair. Limbs are with five digits and 
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Fig. 9.44. Dorsal (A), ventral (B) and lateral (C) view of skull. D. Latent view of lower jaw of Cam . 
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digits are clawed. Locomotion is plantigrade. Tail 
is short. 'Hie tympanic bulla is flat. Garnassial teeth 
are not formed. Molars are large, elongated and 
much tuberculated. The last molar is reduced. 
Members undergo hibernation. 

Example: Ursus (Bear). 

Family Procyonidae . Distribution is America, ex¬ 
cepting the Panda which is oriental. The claws are 
not retractile. The first premolar and last molar 
are absent. Garnassial teeth are absent. The upper 
molars arc round in shape. 

Examples: Procyon fRacoon), Ailurus (Panda), 
Potos (Kinkajou, Carnivore with a prehensile tail). 

Superfamily: Eeloidea. The tympanic bulla is divid¬ 
ed by a complete septum into anterior and posterior 
chamber. Paruccipital process remains in close con- 

3.1.3.1. 

tact with the bulla. Dentition is 3 j £] Larnassials 

are well-developed. Premolars and molars arc 
reduced in size. Locomotion is digiligradc. It is 
divided into three families. 

Family Viren idae. The members are found in 
Asia and Africa. Members possess short pinna and 
legs. Digits have nori-retrat tile claws. The skull 
is large and dentition is typical. 

Examples: Vivcr rinda (Civet), Herpcsfes (Mon¬ 
goose). 

Family Hraenidae. The members are found in 
Asia and Africa. 'Che anterior pari of the body is 
massive and slants posteriorly. Body is stripped 
and the pinna is large. The number of digits in each 
limb is four. Digits end in non-retraetile claws. 
Garnassial teeth are well-developed. There is one 
molar in each jaw and the upper molar is vestigial. 


The tympanic bulla is partially divided by a rudi¬ 
mentary internal septum. 

Example; Hyaena. 

Family Eelidae . The members are distributed 
widely though most members are found in the tro¬ 
pics. They are absent in Australia and Madagascar. 
The members are very active predators. Body is 
large. Eyes and pinnae are large. Tail is long. The 
digits end in claws and the claws are retractile. 
Pads are present beneath the digits. Skull is very 
strongly built. Garnassial teeth are well-developed, 
Premolars are reduced in size and number. There 
are three premolars in the upper jaw and two on 
the lower jaw. Molars arc reduced. 

Examples: Felts domesticus (Gat), Panlhera lea 
(Lion), Panther a tigris (Tiger). 

Suborder (iii) Pinnipedia. Members be¬ 
longing to this suborder are marine but 
they come up on land to give birth to 
youngs. The body is streamlined and is 
covered with soft hairs. In Seals, hair is pre¬ 
sent on palm and sole. Tail is short. Eyes 
are directed upwards. Nostrils are provid¬ 
ed with valves. Penis is provided with a 
bone. Folds of skin cover the genitalia and 
nipples. Limbs are modified to form pad¬ 
dles. Hind paddles are directed back¬ 
wards. Rctia mirabilia are present. This 
suborder differs widely from the suborder 
Fissipedia which are tabulated in Table 
Chordata-19. 


Taiii.e Cuordata— 19 

COMPARISON BETWEEN FISSIPEDIA AND PINNIPEDIA 


Points 


Fissipedia 


Pinnipedia 


Distribution 
Habit 
3. Digits 


1 Cosmopolitan. 

! Terrestrial. 

| Usually four, never less than four. 


4. Claws 


Present. 


Size of pollcx : Smaller than the rest, 
and hallux 

Pinn a Wei l-developed. 

Skull .. : Usually elongated with highly deve¬ 

loped crests. 

Orbital Ill-developed, 

constriction 


9. Palate Bread. 


10. Vertebral 
column 


Well-differentiated into different re¬ 
gions. 


11. Scapula 


Scapular spine and acroinian process 
are well-developed. 


Temperate and Arctic zones. 

Scc<mdari 1 y aqu a tic. 

Always live, bounded by web. Hy- 
pcrphalangy is observed. 

May be absent. 

Larger than the rest. 

Ill-developed or absent. 

Usually broad and rounded with ill- 
devclopcd crests. 

Well-developed. 

I Narrow. 

j Short and compact. 

i ■ . 

j ‘Not so much developed. 
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Table Chordata— 19 (contd.) 


Points 

Fissipedia 

j 

i Pinnipedia 

1 

12. Clavicle .. ^ 

Usually present, though ill-developed. 

Usually absent. 

13. Limb bones .. 

Elongated and well-formed. 

Short and compact. 

14. End of radius 
and ulna 

Rounded. 

Flattened. 

15. Third 

trochanter 

Ill-developed or absent. 

Well-marked. 

1 G. Incisors 

$ 

j 

17. Canines 

Well-developed and sharp 

Ill-developed. 

18. Carnnssial teeth 

Well-developed. ‘ 

Absent. 

19. Molars 

Pointed. j 

Usually llatlcued. 

20. Testes 

May he abdominal or scrotal. 

Always scrotal. 

21. Mammary 
glands 

Many pairs. 

One or two pairs. 

Youngs 

Dependent. 

Independent. 


The suborder Pinnipedia includes three families. 

Ollariedae , Odobemdae and PJiuridae. Fig. 9.45 
showing the skeleton of Seal, P/ioca to give the ske¬ 
letal organisation of Pinnipedia in general. In the 
first two,the hind foot is used in locomotion on land. 
The forrlmibs are used in swimming. In the third 
family the hindlimbs are attached with a fold of 
skin along with th- tail and the hindlimbs are used 
in swimming. The pinna in oireridae is provided 
with a cartilage anil hence the name. Tn Walruses, 
the upper canniiies become large to form tusks in 
both the sexes. 

Examples: Ottaricdae Otter (sea-lions and fu r - 
scals), Odobcnus I Walrus), P/ioca (Scull. 

Order 2. Condylar tha. 

This order resembled the creodonts in some res¬ 
pects and at the same time foreshadowed the hooves. 


They were omnivorous and nod-predaceous animals. 
The tooth pattern was dill'emil from creodonts. 
Shortening of jaws nr reduction of incisors never 
appeared. The astragalus was of emxlont carnivore 
type and the interlocking of carpus with centrale 
was quite evident. The third toe showed a ten¬ 
dency to become larger anti'paitixonic. They persist¬ 
ed from Paleocenc to Eocene period. 

Examples Meniscothurium , Phenorodus. 

Order 3. Litopterna 

The order includes a number of individuals, 
some of which were half made horses and the others 
were half-made camels. They evolved in South 
America in Paleoecne period and continued through 
Pleistocene epoch to become extinct. T he skull was 
elongated and low and die. nasal openings were 
situated far back on the upper surface of the skull. A 


cervical vertebrae 



Fig. 9.45. Skeleton of Phoca. 
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postorbiial bar kept the eyes separated from the 
temporal region, The incisors°werc chisel-shaped. 
The check teeth were selenodoni type. Premolars, 
tended to become molariforin. The vertebral 
column was straight. The limbs were slender. The 
hind feet had three digits. Of those the middle was 
large and hoofed. The lateral toes were reduced. 

Examples. Diadiaphorus , Thoatktrium. 

Order 4. Notoungulata 

Fossil forms of this order have been discovered 
from Mongolia, North America and South America. 
It is believed that they were Asiatic in origin and 
migration lo North American took place during 
Tertiary age through Herring strait. The members 
were primitive, small and hoofed. The skull and the 
jaws were heavily built. "I’lic postorbital process 
was not present. Zygomatic arch was very strong. 
The dentition was of uniform pattern from anterior 
to posterior. Canines lost their typical shape. 
Molars were lophodont type. 

Examples. Palaeostylops , Arcostylops. 

Order 5. Astrapotlieria 

This was an order which persisted in South 
America from Eocene to Miocene period. A trend 
lo gigantism was exhibited by the members. The 
skull and jaws had peculiar modifications. The 
front of the skull was short. The nasal bones were 
small and retracted in position suggesting the pre¬ 
sence of a proboscis. Upper incisor was absent. The 
upper canines were greatly enlarged and they were 
like downwardly directed daggers. The lower jaw 
was elongated. Lower insisors were present. The 
lower canines were large. It is beiieved that a long 
and tough upper lip was present between the re¬ 
tracted front portion of the skull and the front of 
the lower jaw. Example: Asirapotherium. 

Order 6 Tubulidentata 

Tlte. order is represented by a single genus and 
found only in Africa. The body is strongly built. 
Hairs on the body are few in number. The colour 
of the body is dull-gra v . The head is elongated to 
form a tubular snout. Pinna is Jong. Limbs are 
strong. The forelimbs are with four digits which 
end in claws. The hindlirnbs are provided with five 
clawed digits. Mouth is small. The tongue is long 
and protrusible. Incisors and canines arc absent. 
The cheek teeth are 4 or 5 in number. They lack 
enamel but a coating of cement is present. When 
viewed under microscope the dentine appears tubu¬ 
lar and hence the name of the order. They are ant- 
eaters and the relationship is problematical. 
Example: Orydcropus (AardvarksL 

Order 7. Pnntodonta 

The order is represented by few forms which 
evolved during Paleocme and became extinct in 
Oligoccne. The members were sheep like in size 
during the early phase of their evolution. In the 
later phase there was an increase in size. The skull 
was long but low. The canines were large and the 
upper molar?, were triangular in shape. The limbs 
were heavy and short. T he hind limb had five digits, 
each terminated into a hoof. Example: Pantolombda. 

Order 8. Dinocerata # 

Fossil forms of t'hc members of this order have 
been discovered from North America and Asia. 


T hey were evolved in Paleocene and became extinct « 
in Oligocene. The body was large and heavy. The 
upper limb elements were long while the lower limb 
elements were short. The feet were broad and 
spreading. The skull was low. The front of the lower 
jaw was deeply Hanged. The canines were long. 
Example: Prodinoveras . 

Order 9. Xenungulata 

This order has recently been established and is 
based on the characters of a single genus obtained 
from Pliocene sediments of Brazil and Patagonia. 
The size was large. The limbs wore short. Foot was 
broad and five-toed. The deutitioji was complete. 
Incisors were chisel-shaped, canines were strong. 
Premolars were pointed and molars were cross- 
crested. Scanty fossil remains have not yet furnished 
further information about the shape of the skull 
or other anatomical features. Example: Carodnin. 

Order 10. Pyrotheria 

A small and isolated group of South American 
ungulates is included in this order. They evolved 
during Pliocene and became extinct in Oligocene. 
They were gigantic in size and had many probosci¬ 
dian features. The skull was large and the nasals 
were retracted indicating the presence of a trunk 
there. The zygomatic arch was strong and heavy. 
The back portion or ascending ramus of the lower 
jaw was large. Two of the upper incisors on each 
side were enlarged to form the tusks. In the lower 
jaw, there was a single tusk-like incisor. Canines 
were absent oil either side. The check teeth were 
low crowned. Because of their similarities with Pro- 
boscidea they arc considered to be proboscidean 
relatives. Modern opinion regards them as inde¬ 
pendent order of mammals. Example: Pvrotherium. 

Order 11. Proboscidea 

The members belonging to this order 
are represented by an isolated group. At 
an early stage in their phylogeny they 
aquired a number of peculiar and adap¬ 
tive characters which distinguished them 
from other mammals. They are stamped 
with primitive, and specialised characters. 

The body is huge. They are largest of liv¬ 
ing land vertebrates. Skin is thick and hairs 
are scanty. The fusion and elongation of 
the nose and upper lip have resulted in the 
formation of a large prehensile trunk 
(Fig. 9.46 A, B). The nostrils are situated 
at the tip of the trunk. The eyes are small 
and the pinna is large. The tail is flat. The 
limbs are pillar-like and pentadactylous. 
The digits are short, stout and are united 
by skin. Each digit is provided with a small 
hoof and the back of the digits are sup¬ 
ported by a pad of tissue. Locomotion is 
of digitigrade type. 

’The cerebral hemispheres are convoluted 
but do not cover the cerebellum. The pre- 
cavals are paired. The stomach is simple. 
The intestine is long and caecum is large. 
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Testis is abdominal in position. A pair oi' 
pectoral mammae is present. Only one 
young is born at a time after a gestation 
period of 22 months. Head gland is located 
in the temporal region of the males. 

The skull is massive. Sutures of (he skull 
are obliterated. The facial and nasal parts 
are reduced. Frontal and parietals are 
separated. Skull bones are with k diploe or 
air cells (Fig. 9.46C). Dentition is highly 


region is short, ^‘horacic vertebrae are with 
high neural spine. Ribs are 20 in number. 
Clavicle is absent. Radius and ulna are 
crossed. Carpus is larger than radius and 
is articulated with ulna. The pelvis has 
broad ilia and it is vertical in direction. 
Libia and fibula are distinct. The carpals 
and larsals are serial and compressed. 
Examples: Elepha v (Indian elephant), 
Loxadntita (African elephant!. 



Fig. 9.4f>. Two surviving genera of elephants. A. Elephas. B. Ijoxmlonta. C. Sagittal section 

of skull of Elephas. 


characteristic. There is a single pair of 
incisors in the upper jaw. Incisors are 
absent in the lower jaw. The upper incisors 
have no root and they grow to form tusk. 
The tusks arc made of ivory which is a 
specialised dentine. Enamel remains as a 
small cap on the tusk for a short time 
and then wears off. Premolars and canines 
are absent. In the adults, three molars are 
present in each half of the upper and lower 
jaws. The molars consist of a number of 
deep plates of enamel covered dentine 
bound together by cement (Fig. 9.46 D, 
E). Not more than two molars remain 
functional at a time. In cases of wearing 
off, the third dormant molar comes up and 
replaces the worn out teeth. The cervical 


Order 12. Embrithopoda 

The order is represented by a single genus which 
appeared in Oligoceno^n Egypt. Nothing is known 
about its ancestors or desceudanis. They were large 
as big as rhinoceros. Limbs were elephant like. 
Feet were broad and spreading. A pair of massive 
and bony horns were present. The base of the horn 
was extended between the nostril and cranium. 
The skeleton was heavy. 'The skull was large and the 
teeth formed a continuous scries from incisors to 
last premolars. The cheek teeth were long crowned. 
Example: Arsinotherium. 

Order 13. Hyracoidea 

Tn Hyracoidea there is a peculiar 
admixture of primitive and specialised 
characters and they resemble different 
orders of mammals. Tlicy are found in 
Africa, Arabia and Syria. 
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They are small rabbit lijte in size. Snout 
is splitted in some forms. Pinna is short. 
Tail is short. Locomotion is plantigrade. 
There are four digits in the forelimb and 
the fifth one remains as a vestige. Hind- 
limbs are provided with three digits. 
The digits end in hoofs except the second 
digit of the foot which is clawed. 

The stomach is constricted in the middle. 
Gall bladder is absent. The caecum has a 
pair of eaeeal pouches. Testes are abdo¬ 
minal. A single pair of pectoral mammae 
are present. Uterus is paired. 

The skull is with peculiar features. The 
postorbital bar arises from the parietal. 
This bar is complete in some forms. The 
jugal is stout and extends backward to 
take part in the formation of glenoid 
cavity. The periotic and tympanic bones 
are united together and not with the 
squamosal. The tympanic forms a bulla 
and has a spout like external auditoiy 
meatus. The seventh cervical vertebra 
may be pierced by the vertebral art cry. 
Thoracolumbar vertebrae are 22 in num¬ 
ber. Scapula is triangular and is without 
an acroinian. The clavicle is absent. The 
radius and ulna are crossed. Gcntrale per¬ 
sists in (he carpus. Astragalus is different 
from all other mammals. 

A single pair of large and curved upper 
incisors with persistent root is present. 
Canines are absent. The lower jaw bears 
two pairs of incisors which are comb like. 
There are 4 prernolars and 3 molars. 
They are lophodont and are all alike. 
Examples: fly rax (coney), Dendrohyrax. 

Order 14. Desmostyliformes 

The order constitutes ;i very interesting group 
of Oligoccne mammals. 'I'hcir fossil remains have 
discovered very recently along both the sides of the 
Pacific ocean. 

They were large bodied animals. Limbs were 
heavy and elephant-like in construction. The skull 
resembled that of mastodonts. Tusks were present. 
The nasal opening was retracted suggesting the 
presence of a trunk. The check teeth consisted of 
vertical columns arranged in pairs along their 
length. 

These mammals form a sort of “marine hippopo¬ 
tamus” which u.icd to swim in shallow water in the 
sea coast. The members show anatomical similari¬ 
ties with the sca-cows in one J» md and the elephants 
on the other. To all probabilities they are truly 
intermediate forms. Example: Desmostylns. 

Order 15. Sirenia 

4 

The members belonging to this order are 
probably early offshoot from the line of 


proboscidian evolution. Because of their 
aquatic adaptation they have in their 
bodies many features that are similar to 
that of Cetaceans. But these similarities 
are due mainly to the convergent evolution. 

Members belonging to this order are 
either fresh water or marine and are found 
along the coasts of America, Africa, Indian 
ocean, South Pacific and Australia. They 
arc large herbivorous animals but they do 
not go to the open sea. 

The body is large and streamlined. 
Muzzle is round and the upper lip is pro¬ 
truding. The neck is short. Nostrils are 
located on the upper surface of head and 
are provided with valves. Pinna is absent. 
Eyes are small with muscular eyelids. 
Hindlimbs are absent. Forelimbs are 
modified into paddles. There are 5 digits 
in the forelimbs and the digits are webbed 
and nail less. Tail is round or rhomboidal 
in outline. Hairs on the body are almost 
absent. 

A thick layer of fat called blubber is 
present beneath skin. The intestine is long. 
Diaphragm is oblique in position and 
highly muscular. Lungs arc elongated and 
air sacs are associated with them. Rctia 
mirabilia are present. Testes are abdomi¬ 
nal. The mammae are pectoral in position 
and lie in skin pockets. Brain is small and 
ventricles are comparatively large. 

Fig. 9.47 shows the skeleton a typical 
form, ‘Sea Cow’ of the order. The skull 
bones are hard and compact. The cranial 
cavity is long and narrow. The supra- 
occipital extends forward but does not 
separate the parietals. Broad supraorbital 
plates develop from the frontals. The 
zygomatic arch is strong. The nasal bones 
are vestigial. Tympanic and periotic bones 
can be easily separated from other bones. 
Tympanic bone is ring shaped. Pr«-maxilla 
is large in dugongs. The ascending ramus of 
the mandible is well developed. Goronoid 
process is also well developed. 

The cervical vertebrae are not ankylosed. 
Number of cervical vertebrae in manatee 
is only 6 and the neural arches are some¬ 
times incomplete. The trunk and thoracic 
vertebrae are more than the usual number 
with well developed zygapophyses. Facets 
in them are well developed for articulation 
with rib heads. Caudal vertebrae are 
numerous, fattened and are with wide 
transverse processes. Sternum is not divi¬ 
ded into sternibrae. Ribs are many but are 
not connected with the sternum. Sacrum 
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, scapula 


cervical vei 



phalanges* 

Fig. 9.47. Skeleton of Dugong. 


lower jaw 


is absent. Dentition is characteristic. In 
Mariatus there are up to twenty cheek 
teeth in each hall’ ol' the jaws. They are 
covered with enamel ami are lophodom. 
All are not used at a lime and they are 
always in the. process of replacement from 
the hind end. In dugong the teeth are 
reduced. The cheek teeth are never more 
than six and are degenerated. 

The scapula is narrow and curved back¬ 
wards. Scapular spine is located in the 
middle. Acromian is directed downwards. 
Coracoid is conical in shape and well deve¬ 
loped. Clavicle is absent. The radius and 
ulna are fused at their extremities. Carpus 
is composed of seven bones in Manatee. The 
pisiform bone is absent. In dugong carpals 
are fused. The five digits possess usual 
number ol' phalanges. Hyperdaclyly or 
Hyperphalangy is absent. The pelvis is 


vestigial and is without any connection 
with spinal column. The vertical position 
and rod-like shape suggest that it represents 
the ilia. Examples: Ualicore , Manatus , 
Rhythm. 

Comparison between Cetacea and 
Sirenia. 

1 ho whales and \se.i-cows’ arc included under 
the order Cetacea and Sirenia respectively. Al¬ 
though both the orders are phylogenetically far 
apart, they exhibit striking structural and physio# 
logical similarities. These si mi la lilies arc due 
their adaptive coumgeme for living in aquatic n 
dimu. 1 hey have heroine ‘fish-like’ in appearati 
and huv( bandoued many typical mammalis 
features lik , hairs, integumentary glands, t;l 
Despite sue! unique resemblances they show many 
(inferences, penally in ihc.construrlion of skull and 
in the orin union and nature of dental battery. 
Tin diflert ces ;irc- shown in 'Fable Chordata- 
20 . 


Tabll Ciiokdata 20 


Points 

(•KTAChA 

SlRI-MA 

1. Size 

Some attain a colossal size. 

Comparatively small. 

2. Habitat 

Marine forms. Larger species prefer 
open sea, while smaller forms live 
near coast and may ascend the 
rivers. 

Live in sea near coast, also available 
in plenty in estuaries and river. 

3. Habit 

Carnivorous and predaceous animals. 

Herbivorous and feed on aquatic 
vegetation. 

4. Hairs 

Absent, except a few bristles around 
the muzzle which may be also ab¬ 
sent in many whales. 

Verv sparse. 

5. Caudal fin 

Horizontally expanded which is us¬ 
ually divided into ‘flukes’. 

Horizontally flattened, either 

rounded or rhornboidal in outline. 

6. Dorsal fin 

p 

An adipose dorsal fin is present. 

Absent. 

7. Eyes 

Small and devoid of third eyelid. 

Small and have third eyelid. 
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Tahle Chordata- -20 (contd. 


Points 


Cetacea 


SlRENIA 


[SJnstrils Nasal aperture is present on the tore- j Separate from one another and 

head as the single or double blow- | placed on the front of the head, 

hole, usually shifted to the dorsal j Valves and pads are less deve- 

side of the head. Valvular arrange- I loped, 
ment is highly developed. j 

9. Mammae Inguinal in position. Pectoral in position, close behind the 

forelimbs. 


10. Hindlimbs 


Mostly absent, vestige may be in Usually absent, 
foetus. 


11. Fordimhs 


12. Teeth 


Short and transform into paddles. 
Externally unjointed and covered 
by skin. Lack movable joints. Num¬ 
ber of digits—usually 5, may be 4 
as in Balaena. Hyperphalaugy and 
hyperdactyly are present. Usually 
having no trace of claws. 

Sometimes absent, if present, are # coni- 
ral, homodont, monophyodont and 
numerous. May be absent in I 
VV ha le - boi i e wli a les. 


Short and transform into flippers- 
enclosed by a common cutaccous 
covering. Movable joints are pre¬ 
sent. Number of digits—5. Hyper- 
phalangy and hyperdactyly are 
absent. 


Variable. Rhylina has no teeth, 
llalicore has rootless and enamel- 
Icss molars, Manatus possesses 
numerous molars and no incisors. 


13. Salivary glands 

14. Stomach 

15. Intestine 
Hi. Trachea 

17. Epiglottis and 
arytenoid cartilage? 

18. Lungs 

19. Diaphragm 

20. Brain 

21. Placenta 

22. Bones 


Absent. 

Divided into three chambers, 
j Moderate in length. 

Very short with a third bronchus. 
Prolonged into nasal passage. 

Spacious - not lobed. 

Oblique and less muscular, 
j Large with much convolutions. 

I Zonary. 

Spongy and contain oils. 


Well-developed. 

Not divided. 

Very longatcd with large caecum. 
Short and having only two bronchi. 
Not prolonged. 

Elongated with associated air-sacs. 
Oblique and highly muscular. 

Small with slight convolutions. 
Diffused. 

Heavy and compact as an adapta¬ 
tion to take submerged weeds 
from the bottom. 


23. Vertebral column 


24. Sternum 

25. Ribs 


Epiphyses are distinct. Cervical verte- Epiphyses absent. Cervica. verte¬ 
brae are seven in number, more or brae may be six (as in Manatus) 

less fused with one another and arc - compressed, but ankyloscd, 

disc-like appearance. neural arches may be incomplete. 

Short. Usually broad. 


Lack heads. Double-headed 


27. Skull 


26. Scapula 


Bones arc light. Nasals are short. 
Cranial cavity is large. Snout is 
formed of maxillae, premaxillae, 
vomer and mesethmoid cartilage. 

Tympanic bulla is ring-shaped and 
fused with the skull. Parietals are 
| separate. 

j Scapular spine is placed close to the 
anterior border. 


Bones are heavy. Nasals usually 
absent. Cranial cavity is narrow 
and elongated. Snout is formed 
of maxillae and premaxillae. 
Tympanic bulla is loosely attach¬ 
ed with the skull. Parietals are 
united. 

Elongated and narrow having all 
the normal mammalian features. 
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Order 16. Perissodactyla 

The present day horses, asses, zebras, 
tapirs and rhinoceroses are included in 
this order. The evolutionary trends of this 
order from Eocene to recent age is very 
well known. 

The perissodaelyls are large, herbivorous 
even toed mammals having a stream-lined 

* body. The neck and facial parts are elon¬ 
gated. The tail with long tuft of hairs is 
present. The limbs are clonagted raising 
the body above the ground surface. Of the 
five digits, the 1st and 5th digits are lost. 
The 2nd and 4th digits remain as splints. 
The middle or third digit is stout and is 
provided with hoof. The axis of the limb 
passes down the third digit. This type 

* of foot is known as mesaxomc foot. Horns 
are absent in most forms. 

The stomach is undivided and simple. 
Intestine is long. Caecum is large and 
sacculated. Gall bladder is absent. The 
brain is highly complicated. Testes are 
usually abdominal. Mammae are inguinal 
and are with teats. 

I hc skull is elongated. Supraoeeipilal 
bears a transverse crest. A sagittal crest 
runs along the sagittal suture. The nar- 

1 occipital process is directed downwards and 
emerges from the cxoccipital. The nasals 
arc large. The orbit is surrounded by 
bones. The front portion of the skull and 
lower jaws are deep to accommodate the 
check teeth. The incisors arc three in each 
quadrant of the jaws. Canine is present in 
males. Its absence in females results in 
the formation of a diastema. In adults 

* molars and premolars arc three in each 

* half of the jaws. The cheek teeth arc 
lophodont in nature. The premolars lend 
to be molarified. In the cheek teeth, ridges 
of enamel transverse to the long axis of 
the jaw, arc present to form an efficient 
grinding surface. The axis vertebra is 
provided with a peg-like odontoid process. 
The dorsolumbar vertebrae arc 22 or, 23. 

„ The number of ribs is increased. The 
ilium is vertical. The upper part of both 
the limbs are reduced. The lower parts of 
the limbs are elongated. This has resulted 
a condition in which the elbow and the 
knee lie close to the body and the ankle 
and wrist are high up. The ulna is reduced. 
The magnum or distal carpal of the wrist is 
enlarged and united with the proximal 

4* carpals. The third metacarpal is longest. 
The 2nd and 4th inctacarpals are vestigial. 


The femur is provided with a prominent 
process on the oilier surface of the shaft. The 
process is called third trochanter. The fibula 
is reduced. The astragalus has a doubly 
keeled pulley-shaped surface for articula¬ 
tion with tibia. The distal surface of the 
astragalus is flat. The third metatarsal of 
the hind limb is long and erect and it is 
known as cannon bone. The 2nd and 3rq 
metatarsals are vestigial and remain as 
splint bones. 

Suborder (it Hippomorpha The sub¬ 
order hippomorpha includes extinct: Paleo- 
t he res, Titonotheres . Chaliadheres and the 
horses. 'Flic first three evolved during early 
Eocene, attained the peak of their evolu¬ 
tionary development in middle Oligocene 
and then died out. They had a short but 
dramatic phylogenetic history. 1 he horses 
on tin* other hand survived through the 
ages. 

Family lufuidar. The horses. Asses and 
Zebras are included in this family. They 
have only a single digit. The middle is the 
functional digit. The 2nd and 3rd are 
present as splints. Other digits are absent. 
The premolars in them tend to be mnla* 
rifled. Radius and ulna are fused. 

Examples: F.quus cabalas (Horse), lujuus 
hemionns (Ass), Ktjmts zebra (Zebra). 

Suborder (ii) Ceratomorpha The sub¬ 
order includes Tapir and Rhinoceros. They 
arose in Koeene and are surviving today. 
But the Rhinoceros are on the verge of 
extinction. 

Family Tapiridae. The members of the 
family arc less specialised. Their distribu¬ 
tion is discontinuous as they are found in 
Central and South America, Malay;' and 
Indonesia. 

The Tapirs haven short proboscis formed 
by the nose and upper lip. The digits are 
stout. There are four digits in the forelimb 
and three digits in the hindlimb. The 
digits bear hoof The middle digit is large 
and the axis runs through it. The post¬ 
orbital bar in the.skull is absent The nasal 
bones are small and pointed upwards. The 
number of teeth are 42. The teeth arc 
persistently brachyodont and without ce¬ 
ment. Molar teeth arc lophodont and 
without extra cusps. Example: Tapirus 
(Tapir). 

Family Rhinoce roll due. Members belong¬ 
ing to this family arc massive in construc¬ 
tion and arc represented by the Rhinoceros 
of India and Africa. 

The skin is very thick and folded. Hairs 
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are few. The horn on the nasal bone is very 
characteristic. The horn 'is made up of 
keratinised fibres cemented together. There 
is a single horn in Indian rhinos. In African 
rhinos, there are two horns, one anterior 
and one posterior along the same line on 
the nasal region. The limbs are massive 
and each ends in three digits. The digits 
are with hoofs. The axis of the body 
passes along the middle digit. The pinna 
is well developed. The upper lip is long 
and prehensile. 

The skull is massive and strongly built. 
Canines are absent. The neural spines of 
the thoracic vertebra are long. More than 
usual number of ribs arc present. The ilia 
are broad and vertically placed. Exam¬ 
ples: Rhinoceros unicornis (Indian rhino), 
Diceros bicornis (African rhino). 

Order 17. Artiodactyla 

The members of this order are more 
varied than Perissodactyla. They are large 
herbivorous mammals. The neck is elonga¬ 
ted. The tail is small. Members usually 
possess a pair of epidermal horns. Horns 
may be hollow or solid and are located on the 
frontal bone. The limbs are elongated. The 
number of digits are 2 or 4 in each limb. 
The third and fourth digits are larger and 
bear hoof. The axis of the body passes 
between the middle'of the 3rd and 4th 
digits (Paraxonicfoot). The eyes are large 
with horizontal pupil. The pinna is large. 
The tongue is long, mobile and prehensile. 
Stomach is complicated and is divided 
into several chambers (Fig. 9.48). Intestine 



Thoracolumbar vertebrae are of constant 
number of 19 and are with long neural 
spines. The clavicle is absent. Ischium of 
the pelvic girdle is well developed. Femur 
has two trochanters. Radius and ulna as 
also the tibia and fibula are fused. Astra¬ 
galus is provieded with two facets of equal 
size for articulation with the tarsals. Gal- 
caneurn articulates with the fibula. Both 
ends of calcaneum are pulley-like. Upper 
incisors are absent and the space left by 
them is hard. Premolars are simple in 
construction than molars. Molars are 
hypsedont. The check teeth bear longi¬ 
tudinal ridges of enamel. 

Suborder (1) Suina. Some Mammalo- 
logists consider the members of this sub¬ 
order as the primitive of all artiodaclyles 
but others consider them to be distinct to 
, occcupy a suhorder s 1 at us. 

Members belonging to this sub-order 
have a heavy built body. Limbs are short. 
Number of digits arc four and each one is 
hoofed. Both inetacarpals and metatarsals 
are free. Some of the members retain the 
normal quota of 44 teeth. Canines 
appear triangular in section. Molars are 
bunodont with secondary cusps. Upper 
molars retain primitive tritubercular con¬ 
dition. Examples: Sus (Pig), Hippopotamus. 

Suborder (/'/’) Tylopoda. Members of this 
suborder evolved from a distinct stalk 
during Eocene period in North America. 

The limbs arc long. Only the third and 
fourth digils are present at the end of the 
limbs. Hoof is absent. Nails are present at 
the end of the digits. Terminally the digits 



Fig. 9.48. Ruminant stomach of Bo.'; (A) and Ovis (B). 


is short. A short caecum is present. Gall 
bladder is present. Mammae are abdomi¬ 
nal or inguinal in position and may be more 
than one pairs. Scent glands are often 
present. » 

The facial part of the skull is elongated. 
Odontoid process of the axis is spout-like. 


are provided with cushion like pad. Lips 
and tongue are tough. Stomach is three 
chambered. Red blood cells are oval in 
outline. 

The dentition in young and adhlt stages 
differs. In young, three pairs of incisors in 
the upper jaw are present. But in adults. 
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jq nly the 3rd pair is present. The space left 
M>y the first two pairs become very hard. 
The lower jaw bears three pairs of incisors. 
Incisors are canine like. Canines are pre¬ 
sent. Premolar are reduced and their num¬ 
ber is two in each quadrant. Molars are 
with 4 cusps and they are selenodont and 
hypsodont. In the limbs metacarpals and 
etatarsals are fused forming cannon bones. 
Lateral digits are totally lost. In the 
ankle navicular and cuboid remain sepa¬ 
rate. Examples: Camelus (Camel), Llama , 
Alpaca. 

Suborder (iii) Ruminatia. This diverse 
group is most successful amongst the arlio- 
dactyles. 

Body is large. Tongue is prehensile, 
^rtibs are with two functional digits. The 
znd and 5th may remain as vestiges in 
some. Horns of several types are present 
on the frontal bones. Horns may be present 
in one or in both sexes. Stomach is rumi¬ 


nant type and is made up of four cham¬ 
bers (Fig. 9.46).* 

Incisors and at rimes the canines are 
absent in the upper jaw. Incisors and cani¬ 
nes of the lower jaw are spatula-shaped. 
Premolars are reduced. Molars are hyp¬ 
sodont and selenodont. Connon bones are 
present. Fibula is reduced to a nodule¬ 
like form. Navicular and cuboid are fused 
together. Examples: Axis' (cheetal), Gir¬ 
affe, Bos (cow), Capra (goal), Ovis (sheep). 

Comparison between Artiodactyla 

and Perissodactyla 

The even-toed ungulates are included under the 
order Artiodactyla and the odd-toed ungulates 
comprise the order Perissodactyla. Both these orders 
show general structural similarities which are 
due. to their remote eommoti origin. Resides the 
resemblances, they show numv <lillerenc.es which 
are tabulated in Tabic Chordata -21. 'The simi¬ 
larities and differences existing between these two 
orders are resulted out of similar ways of life or) 
slightly different environments. 


Table-Chou data 21 


Points 

Artiodactyla 

Perissodactyla * 

1. Horns 

2. Digits 

Usually present. May be hollow or 
solid, located on frontal bone. 

Third and fourth digits are largei 
and bear hoofs. The axis of the limb 
passes between the Nos. 3 and 4 j 
digits (Paraxonu: condition). j 

Mostly absent. 

Only the third digit is stout and 
hoofed. The axis of the limb 
passes down the third digit 
( Mcsaxonic condition). 

3. Femur 

Third trochanter is absent. | 

Third trochanter is present. 

4. Talus 

Has a flat surface. 

Pulley-like. 

5. Fibula 

Usually articulates with the calca- ! 

Docs not articulate witli the cal- 


ncum. | 

caneurn. 

Nasals 

I Not expanded posteriorly. j 

Expanded posteriorly. 

7. Alisphcnoid canal 

Absent. 1 

Present. 

8 . Dorsolumbar verte¬ 
brae. 

19 

i ; 

More than 22, 

9. Odontoid process 

Spout-like. ! 

Peg-like. 

Incisors 

General tendency of suppression of ! 
upper incisors. j 

Present and used for cropping. 

11. Canines 

j May form tusks. 

May be reduced or absent. 

12. Premolars 

! Not molarised. 

P fc t3emble the molars. 

13. First milk molar 

| Not replaced. 

Replaced. 

14. Molars 

Hyposodont. 

Bunodont and low crowned. 

15. Stomach 

, Complicated by forming different 
! chamber*,. 

Simple. 

• 
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Points 

16. Intestine 

17. Caecum 

18. Call bladder 

19. Mammae 

20. Placenta 


Artiodactyla 

Short. 

Small. 

Present. 

Inguinal or abdominal. 
Diffused or cotyledonary 


Perissodactyla 

Long. 

Large and sacculated. 
Absent. 

Inguinal. 

Diffused. 


GENERAL NOTES ON MAMMALS 

Mammals occupy the highest position 
in the ladder of evolution. The structural 
diversities amongst the different groups of 
mammals are profound. They vary in size 
from that of field mouse barely six inches 
in length to that of a whale attaining a 
length of more than one hundred feet. A 
shrew, Sore.x win ulus (order Insect ivora) is 
the smallest living mammal weighing about 
H grammes in comparison to whale, the 
Balaenoptera which is the largest mamma¬ 
lian form of about 120 ions in weight. 
Elephants arc largest among the land 
mammals. The Giraffe is the longest For 
its elongated neck. 

Mammals have, colonised all environ- 
menls in course oft heir evolution. Adap¬ 
tive radiation at its zcncith is encountered 
amongst the mammals. It is difficult to 
pin point all these structural and adaptive 
diversities within the limited campus of a 
chapter of this book. In the following 
pages an attempt lias been made to focus 
the attention of the students on some of the 
worth-noting peculiarities of mammals. 

LOCOMOTION 

A great variety of means of locomotion 
is observed amongst the mammals. They 
•can be categorised in the following way. 

Terrestrial locomotion. 

The method, most frequently practised 
by the great majority of land mammals, 
is four-footed or quadrupedal locomotion. 
The mechanics of locomotion can be 
translated in the following way. 

Walk. In walk, the animal raises the two 
diagonally opposite feet, for example the 
anterior left and posterior right, it advan¬ 
ces them while the other diagonal pair 
supports and propels the body. The ani¬ 
mal then replaces on the ground the feet 


it has forwarded and raises the other two. 
This diagonal gait is exhibited by the 
members of the cat family and dog family. 

Pacing. In pacing the legs of the same , 
side are moved simultaneously. Thus when 
the two feet on the right side are on the 
ground the other two on the left side are 
raised, and just when the latter are put 
down the others arc raised. Giraffe, 
Brown bear and Camel exhibit such pac¬ 
ing. 

Gallop. It is nothing bill succession of 
leaps. 'The animal throws itself by means 
of the hind legs, extends its body in the air 
and lands on the fore feet. Example: 
Stoat. 

Leaping. In certain mammals a very ■ 
peculiar progression by leaps is observed in 
which the tail plays an important role. 
Australian Kangaroos progress in this 
fashion*. When it walks slowly, it supports 
its body partly on its fore, legs and partly on 
its tail and then raises the hind legs together, 
then in a second movement, it is supported 
on its hind feet, while its fore feet and tail 
are raised. When the animal accelerates its 
gait, it employs its hind legs and during - 
the leap, the tail acts as counter balance 
and is held horizontal. 

Bipedal. Man alone is bipeda 1 and walks 
with the help of the two hindlimbs. Chim¬ 
panzees and gorillas are partially bipedal. 
They cannot stand upright and while 
walking they generally touch the ground 
with their digits of the forelimbs. 

Arboreal locomotion. 

Many mammals spend their entire 
lives on trees, descending to the ground 
rarely or accidentally. This is true for 
certain monkeys and apes and as well as 
for many rodents and marsupials. The 
techniques of arboreal locomotion is most , 
probably derived directly from the tech- 1 . 
niques of walking. 
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y Climbing, lu mounting a tree trunk 
alternate grasping with the hand and foot 
of one or the other diagonal is practised 
by some monkeys, and three toed ant- 
eater, Tamandua. Some animals climb by 
alternate movement of the limbs of one 
side and then of the other. Others climb by 
successive holds first by the forelimbs and 
then by the hind ones. Possession of a 
prehensile tail facilitates arboreal locomo¬ 
tion. In leaping from one branch to 
another, spider monkeys use hands, arms 
and tail. Some flying squirrels possess 
scales beneath the tail and the.scales act as 
anliskids. 

Brachiation. The special mode, of pro- 
Mqj ^y ession of gibbons and spider monkeys 
>jhao been termed Brachiation. ft corres¬ 
ponds in a way to the bipedal walk but 
here the front limbs arc used. The mecha¬ 
nism of the two handed locomotion is 
simple, f irst one of the hands grasps a 
branch and draws the body forward. Then 
the body oscillates on that pivot made by 
the hand and the other hand extends to 
hold another branch. If the animal wants 
to go from one branch to another little 
far off branch a short glide occurs brt- 
^ ween the holds. 

Aquatic locomotion 

Swimming. Aquatic mammals swim in 
water with the aid of modified fore or 
hindlimbs and with the undulation of tail. 
Many terrestrial animals can swim. 


INTEGUMKN'I ARY SYS’] l.M 

The integument or skin forms the outer 
^covering of the body. The skin together 
with its derivatives form an important 
organ system. 

Skin. The skin in mammals as well as 
in all vertebrates is continuous with the 
mucous membrane of mouth, rectum, 
urinogcnital organs, nostrils and eyelids, 
he skin is made up of two distinct and 
Aembryologicallv different layers. The outer 
layer is epidermis and it is ectodermal in 
origin and the inner layer is dermis which is 
mesodermal in origin. The two layers arc 
separated by a basement membrane. 

The outer layer or the epidermis is again 
divided into a number of distinct strata. 
The innermost layer of the epidermis is 
^ .called stratum getminativum or Malpighian 
* layer. This layer is made up of tall and 
columnar cells arranged perpendicular to 

26 


the dermis. The cells divide miiotically and 
continually. Tfte new cells thus formed 
tend always to reach the surface and on 
their sojourn become flattened and loose 
stainability. The layer formed by these 
Hat cells is known as transitional layer. The 
outermost layer of the epidermis is called 
stratum eotneum or horny layer. The cells of 
this layer are flat and dead. The chief 
constituent of these cells are keratin which 
is a very hard, tough and insoluble pro¬ 
tein. 

The epidermis in certain parts of the 
body of man is a bit different. In the thick 
skin on the soles of the feet and palms of 
the hands the transition from Malpighian 
layer to cortical layer is not so abrupt. 
The transitional layer in these parts of the 
body is further subdivided into an inner 
.stratum granufosum and an outer stratum 
Incidum. 

The thickness of the epidermal part of 
the skin remains fairly constant because the 
rate of proliferation of tin* stratum germi- 
nalivum is nearly equal to the loss of cor¬ 
neal cells. * 

The dermis or atrium is thicker than the 
epidermis and is made up of connective 
1 issue fibre, smooth muscle fibres, blood 
vessels, nerves and glands. In whales and 
seals the fat forms a thick layer called 
blubber which acts as'food reservoir and 
also helps in maintaining body tempera¬ 
ture. 

The pigments of the skin nr melanin in 
mammals never remain confined in spe¬ 
cialised cells but they remain in the eells 
of the deepest lavei ol the epidermis. 

Integumentary derivatives 
Glands. A large variety of epidermal 
glands are present in the skin of mammals. 
These gland* are tubular or alveolar in 
nature and are always multicellular. The 
principle glands are: 

Sudorific or sweat glands. These an* long 
and coiled tubular glands. The lower part 
of the gland lies embedded in ‘he dermis 
and the upper part is constituted by a duct 
which opens to the outside through a pore. 
The distribution of sw f cat glands in diff¬ 
erent mammals is not uniform. In case of 
man the sweat glands are more numerous 
on palm, sole and arm pits. In cat, dog and 
rat sweat glands are found in the sole of 
the feet. In rabbits the glands are found 
around the lips. The ruminants have sweat 
glands located on the muzzle and on the 
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inlcrdigital fold of skin. In hippopotamus 
the pinna houses the sweat glands. Sweat 
glands are absent in Tachyglossus, Ceta¬ 
cea and Sirenia. 

The secretion of the sweat glands is 
known as sweat. Sweat aids in removing 
nitrogenous wastes and helps in the regu¬ 
lation of body temperature. The sweat is 
watery in appearance but its colour is 
red in certain mammals like hippopota¬ 
mus and Macropus. it is believed that the 
gland of Moll in the eye margin of man is 
modi lied sweat gland and similar is the 
case with Ceruminous or wax secreting 
glands in the external ear passage. 

Sebaceous glands. These glands are 
alveolar in nature and are generally asso¬ 
ciated with the hair. But they also occur in 
hairless parts of ihe body, i.c. around the 
genital organ, tip of the nose and border of 
lips independently. These glands are ab¬ 
sent in Pangolin, Cetacea and Sirenia. 
The secretion of the gland is known as 
sebum. It is oily in nature and it helps in 
keeping the body oily. Meibomian glands in 
the eyelids are modified sebaceous glands. 
Scent glands too are modified sebaceous 
glands. 'I he secretion of scent glands are 
sex altraclants. In (he deer family scent 
glands are located near the eye. In carni¬ 
vores scent glands arc found near the anus 
and pigs and goats have scent glands in 
between their toes. 

Mammary glands. The mammary or 
milk producing glands are found in all 
mammals. The manimary glands are built 
on the same general plan though varia¬ 
tions occur. Each gland is made up of a 
number o i'lobules. Bach lobule consists of a 
number of alveoli which contain the secre¬ 
tory cells. The small ducts emerging from 
tlie alveoli gradually converge to form a 
large duct. Many such large ducts unite 
and form a common duct which opens to 
the outside through the nipple. The ducts 
and alveoli remain surrounded by abun¬ 
dant adipose tissue and contributes to the 
size of the mammae or breast of the fe¬ 
males. The secretion of the mammary 
gland is milk. Mammary glands are active 
only at certain times—immediately after 
the young is born and generally as long as 
active sucking by the young continues. 
The development and functioning of the 
mammary glands are controlled by hor¬ 
mones secreted by *he ovaries, anterior 
lobe of pituitary'and adrenal cortex. 

Mammary glands are compound tubu¬ 


lar type in Prototheria and they lack nip¬ 
ples and as a result the glands open direct¬ 
ly on the body surface. In Prototheria 
mammary area are depressed. In Meta- 
thcria and Eutheria nipples arc always 
present. 

Mammary glands are distributed along 
a milk line which appears on either side of 
the body extending from the base of the 
pectoral limb bud and pelvic limb bud 
during early embryonic development. 
There may be a single pair of mammary 
glands as in man and there may be as 
many as eleven pairs of mammary glands 
as in certain insectivores. The distribution 
of mammary glands is related to the habit 
of the mother when nursing her young and * 
thus may be axillary, thoracic, abdominal 
or inguinal in position. 

Hair. Hair is a mammalian monopoly. 
During embryonic development in all 
mammals the body becomes covered with a 
coating of fine hair called Lanugo. Lanugo 
hairs are absent on the ventral surfac es of 


hand and feet. The lanugo hairs are tran¬ 
sient and are shed sometimes before birth. 
The second set of hair then appear. In 
most mammals the entire integument re¬ 
mains covered with hairs, but in some the 
hairy coat is secondarily lost and only 
traces remain. Thus in some adult and 
large whales a few coarse hair is present 
near the snout. Such a condition is known 
as Hypotrichosis. Failure of hairs to deve¬ 
lop lead to Atrichosis condition. Occa¬ 
sionally such human beings arc found. 
Presence of excess of hair is called Hyper¬ 
trichosis. 

Hair is entirely epidermal in origin. 
During development a small thickening 
in the epidermis pushes down into the 
dermis. The depression become cup- 
shaped and the dermis rushes into 
this cup-shaped depression to make up 
the hair papilla. The blood vessels which 
enter into the papilla bring nourishment to 
the cells of the stratum genninativiun. As 
this process is going on. the epidermal in¬ 
growth splits leaving a central shaft and a 
space called follicle in which the hair lies. 
The cells of the follicle bud off one or 
more masses of epidermal cells which later 
on develops into sebaceous glands. Within 
the follicle the hair shaft become surround¬ 
ed by two layers of cells which do not go 
out beyond the limit of the follicle. The 
inner layer is called Huxley's layer and the 
outer layer is called tlenle's layer. The haiv 
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shaft is entirely cellular and in cross-sec¬ 
tion shows three distinct regions—a cen¬ 
tral core or medulla , middle cortex and outer 
cuticle. At the base of the follicle the hair 
forms a bulb like enlargement called root. 
Growth takes place at the root. Beyond 
this point the cells gradually die and the 
shaft or the projecting part thus become 
made up of dead and cornified cells. 

The growth of hair may be definitive or 
Angora, Angora hairs grow to a consider¬ 
able length and then they are shed. The 
head hairs of man are of angora type. 
Definitive hairs, on the other hand, grow 
to a certain length and then slop growing. 
They arc then shed but replaced very 
quickly, live brows, eye lashes and body 
hairs are. definitive type. Angora hairs 
may persist for several years but definitive 
hairs last for only a few months. 

Hairs in different parts of the body show 
some variation in the direction in which 
they grow or slant, flairs grow in diff¬ 
erent patterns or hair currents. When hair 
currents diverge parts occur and when they 
converge, crests or tufts occur. Spiral 
arrangement of hairs results whorls or 
vortices'. The cowlick on the forehead of 
human being is an example of whorl. Tn 
most mammals the hair parts oil the mid- 
dorsal lint* and slopes towards the ventral 
side, but the condition is reverse in sloths 
for their habi. of hanging upside down. 

The colour of the hair is due to the pre¬ 
sence of pigments in the intercellular spa¬ 
res of the cortex. The nature and amount ol 
pigments present determine the shade/ 
Predominant pigment is normally brown. 
But black and red pigments may also be 
Resent. Absence of both or one or different 
combination or dilutions of the two bring 
about the variations of shade. Lack of pig¬ 
ments and presence of air spaces between 
the cells of the medulla imparts white 
colour to the hair. * 

Density of hair is variable in different 
mammals. Those living in cold climates of 


North and Soqjh or at high altitudes possess 
thick hair coat. Tropical mammals have 
sparse hairs. The quality of a fur is deter¬ 
mined by the degree of development of the 
under fur. The under fur consists of large 
number of short and densely arranged 
hairs interspersed between large and 
coarse hairs. 

The type of hair in different parts of the 
body of the same individual varies. Mane 
of horses and Jious are special type of hairs. 
Vibrassae on the snout of many mammal 
are special and sensitive hairs. In spiny 
ant eater (Tachyglossusj, hedge hog and 
porcupine the hairs in pari have become 
modified into spines or quills to act .c. or¬ 
gans of defence. . 

Claws, Nails and Hoofs. The distal end 
of the digits in mammals are provided with 
either daws or nails or hoofs (Pig. 0.49). 
They are derived from the horny layer of 
the epidermis. The single (act. that makes 
these structures different from all other 
epidermal structure is that they always 
grow parallel to the surface of the skin. 
Nails, hoofs and claws art* built on the 
same architectural plan 

r.i.AW. A claw is composed of a scale like 
plate which lakes the dorsal position. The 
plate is c alled unguis. Another plate called 
subunguis lie beneath or ventral to the 
unguis. The unguis i> better developed 
of the two. The claw covers the terminal 
bony phalanx to strengthen it . in mamma¬ 
lian claws the subunguis is reduced in size 
and is almost continuous with the torus or 
pad at the end of the digit. The claws in 
the members of the cal family are retrac¬ 
tile and the claws when not in use are 
withdrawn into a sheath. In lemurs the 
second digit on each hiudlimb is provided 
with claw while the other digits are provi¬ 
ded with nails. In larsier tin* second and 
third digits of the hind foot are clawed, 
the others are with nails. 

nail. In nails the unguis is better deve¬ 
loped. The unguis is broad and flat. The 



Fig. 9.49. Modifications of the digital tips in mammals. A. Sectional view of claw of carnivore. 
B. Sectional view of hoof of horse. C. Front view of the hoof of horse. 
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subunguis is much reducecj. and iis ram- 
nant is present under the tip of the nail. 
r I’hc ‘root’ of the riail or the region from 
where the growth of the unguis takes place 
lie embedded in a pocket under the skin. 
The pocket is called nail groove or Sulcus 
unguis. Beneath the nail and its root lies the 
nail bed. The nail bed is made up of three 
distinct regions proximal, middle and 
distal. The proximal part is known as 
matrix and it is concerned with the deve¬ 
lopment of the nail. The matrix in man 
may be seen through the base of the thumb 
nail as a crescent-shaped area called 
lunula. 

hoof. Hoofs are characteristics of un¬ 
gulates. In hoofs the unguis is most, well 
developed and curves all the way round 
the digital end enclosing the subunguis. 
The torus or pad lies just behind the hoof. 
The torus is known in case of hoofed mam¬ 
mals as Frog. The unguis is of harder 
consistency than the subunguis. 

Horns. Excepting their presence in a 
few living lizards and in extinct dinosaurs 
the horns again arc mammalian mono¬ 
poly tlufUgh lhey are found only in certain 
members of the order Artiodartyla and in 
rhinoceros of the order Perissodactyla. 
According to structure and mode of forma¬ 
tion four types of horns arc recognised 
( Fig. 9. “>()). 

Keratin-fibre horn. Keratin-libre horn is 
found only in the rhinoceros. It is a hard 


conical structure located on the fronto¬ 
nasal region of the skull. It is composed of 
a cluster of long fibres cemented together 
by a mass of hard and keratinised cells 
growing from the epidermis. Each fibre 
resembles a very thick hair and emerges 
from a dermal papilla. The fibres are not 
true hairs since their bases lack follicles. 
In Indian rhinoceros there is a single horn. 
In African rhinoceros there are two horns. 
The two horns arc located on the same 
median line along the fronto-uasal bone 
and the larger one lies in front. 

Hollow horns. Cattle, sheep, goats and 
buffaloes possess hollow horns. In certain 
species they are present only in males but 
in most both the males and females possess 
horns. There is a pair of horns one each 
on the frontal bone The horn consists of a 
bony projection from the frontal bone of 
the skull. The projection is covered over by* 
a corniiicd layer of epidermis. A cavity 
extends into the bony projection. The 
horny layer is never shed. 

In very young animals the first indica¬ 
tion of the future development of horn is 
seen in the. formation of the os cornu, os 
cornu is a loose button-like mass of bone 
cells which can be felt under the skin on the 
frontal bone. The os cornu later on be¬ 
comes fused with the frontal bone. If the 
os cornu is destroyed the horn fails to 
develop';.. 

Prong horns. This is an unique type of 



Fig. 9.50. Antlers and horns of mammab. A-C. Stages of formation of antler. D-F. Stages of for¬ 
mation of prong horn. 
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horn found only in the antelope, Antelo- 
capra americana of the Western America. It 
consists of a conical projection on the 
frontal bone. A horny epidermal sheath 
covers the projection. The sheath usually 
bears one side projection or Prong (Fig 
9.50 D~F), bul as many as three have been 
encountered. The epidermal sheath is 
^ shed with annual periodicity and a new 
epidermal sheath again covers the bony 
projection. 

Antlers. Antlers arc present only in the 
male members of the. deer family. In rein¬ 
deer and caribou both the sexes bear 
antlers. When fully developed the antler 
is nothing but a solid bone and as such 
^entirely mesodermal in origin. Though it 
/ is better to consider the antlers as parts of 
the dermal skeleton, it is discussed under 
the integumentary derivatives simply be¬ 
cause the antler is formed under the iu- 
lluenee of the integument. 

During the early phase of the growth of 
the antler an out growth on the frontal bone 
appears one on each side. It remains cov¬ 
ered with soft skin (Fig. 9.50A). The blood 
vessels on the overlying dermis bring 
minerals and other elements necessary for 
V the growth of the structure. At this stage 
* the antler is said to be “in velvet”. As 
autumn approaches, a wreath like burr 
grows round the base of the antler. This 
burr cuts off blood supply to the skin and 
on the antler and as a result the skin dries, 
cracks and is ultimately rubbed off by the 
deer. At the end of the first season the 
antler appears as a single ‘spike' (fig. 
9.50G). A young buck with a single spike 
n each side is called a ‘spike buck’. In 
the spring certain degenerative changes 
occur between the burr and the frontal 
bone and as a result the antler becomes 
loose and finally is shed. The skin 
doses the area. Soon a new antler begins 
to develop bul this time it is branched. 
The developing antler remain in velvet 
until autumn approaches. Then it comes 
up in the same fashion as described and is 
again shed in the following spring. Each 
time new branches appear making the 
structure very complicated. 

Antler growth is regulated by the secre¬ 
tions of both testes and anterior lobe of the 
pituitary. If castration is made before 
eight months of age antless never grow. If 
castration is made at a stage when the ant¬ 
lers are in velvet, antlers do not develop 
and remain permanently in velvet. Cas¬ 


tration of deer with fully grown antler 
results in its 4 prompt shedding. Subse¬ 
quently new antler is formed but they 
remain permanently in velvet. Antler 
growth can be induced in female doer by 
the administration of the male hormone— 
Testosterone. 

In giraffe both sexes possess small and 
inconspicuous antlers. Hut they remain 
permanently in velvet. 

Epidermal scales. Many mammals pos¬ 
sess epidermal scales. Excepting the 
scaly ant-eaters and armadillos the 
scales, when present remain confined in 
tail and paws. Since the scales and hairs in 
mammals arc found in close association 
with each other it is believed that hairs 
have been derived from scales. 

In anl caters the body, excepting on the 
ventral surface, is covered with large, 
overlapping and horny scales. The scales 
arc typically reptilian in nature. Hut 
ecdvsis occurs singly. In armadillos the 
scales are large and tin 1 scales fuse to form 
plates over the head, shoulders and hind 
parts. Ecdysis in true sense is absent but#H 
process of wearing away of the scales from 
the .surface and replacement from beneath 
is pr< sent. 

Epidermal scales arc present on the. tails 
of rats, mouse, beaver and muskrat. These 
scales are arranged in an imbricated fas¬ 
hion though the degree of cornification is 
not very pronounced and there is no ecdy¬ 
sis. 

In most mammals the under surface 
of the hands and feet bear evidences of 
former presence of scales. The. friction 
ridges according to some represent such 
rudimentary scales. On the under surface 
of the fool of rat there are. distinct and 
elevated pads called Tori. Friction ridges 
are located on these tori. There are eleven 
such toii in the foot of rat. Of these live are 
digital loti located at the tip of the digits, 
four are inlerdigiial being placed between 
the spaces intermediate between the 
digits, one is thenar at the basr of the first 
digit and one is hypnlhenar at the base of 
the fifth digit. 

K NDOS K RI -ETA I - SYS I 'EM 

Skull. Variation in the structure of skull 
is present amongst -the different members 
of the class. But all the members share 
certain features in common. In the general 
plan of the laying of skull bones, the 
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shadow of a reptilian ancestry is clearly 
indicated. # 

The most noteworthy feature of the 
mammalian skull is the increased capacity 
of the cranium. The cranium is expanded 
dorsally and laterally to house the much 
developed brain. The other feature of 
mammalian skull is that excepting the 
mandibles, hyoid and auditory ossicle all 
component bones are firmly united and 
their line of union form .suture. The arti¬ 
culation of the upper jaw and mandible 
is at the glenoid nr mandibular fossa of the 
squamous region of the temporal rather 
than at the quadrate. This type of arti¬ 
culation is known as cranioslylic or amphi- 
nanioslylic type of jaw suspension. 

A reduction in the number of skull bones 
has appeared in mammals. The reduction 
is due mainly to loss of certain bones and 
fusion of others. The number of bones in 
the skull is about X). Bones of the ancestors 
that have disappeared are prej'rantals, post¬ 
frontal s and postorbitals. Bones that have 
become reduced are the quadrate of the 
upper jaw, articular of the lower jaw and 
the hyomandibular. The quadrate has 
formed the I tints, the articular has formed 
the malleus and hyomaudibular has formed 
the stapes. Incus, malleus and stapes cons¬ 
titute the car ossicles. Cases of fusion is en¬ 
countered iu the temporal region. Another 
common area of fusion is found in the 
cartilage bones of the sphenoid complex. 
The basal portion of the f rontal often unites 
with the orbitosplienoid to form the pres¬ 
phenoid bone. The. basisphenoid and ali- 
sphenoid may also fuse. Pleurosphenoid bone 
is absent in mammals. Epipterygoides 
derived from paletoplerygoquadrate bar 
occupies its place. These are then known 
as ahsphenoid. The four separate bones of 
the occipital region are fused in some 
mammals forming a single occipital bone. 
Otic bones are fused to form the petrosal 
enclosing the internal ear. The petrosal 
may fuse with squamosal and tympanic 
torming the pelrosus region of the icmporal 
bone. 

Mammals lack a supr a temporal arcade. 
But the infratemporal arcade or zygoma¬ 
tic arch is present. As a result, mammals 
possess a single temporal fossa. An anterior¬ 
ly projecting process from the squamosal 
and a posteriorly projecting process from 
the jugal unite to fonA the zygomatic arch. 
The orbit is formed by lacrimal, maxil¬ 
lary, orbitosplienoid, palatines and some¬ 


times ethmoid. The orbital and temporal 
fossa are often confluent but in many cases 
they remain separated by a bar formed by 
a downwardly projecting postorbital pro¬ 
cess of the frontal joining a dorsal projec¬ 
tion of the jugal. 

The nasal cavities of mammals are large. 
The nasal cavities are surrounded by pre- 
rnaxillaries, maxillaries and nasals. Mesc- 
thrnoid is a vertical cartilaginous plate 
separating the right and left nasal cavities. 
A cribriform plate separates the nasal 
cavity from the cranial cavity. 

A hard and bony secondary palate is 
found in mammals. Premaxillary, maxil¬ 
lary and palatine bones participate to form 
it. In whales and edentates pterygoid forms 
a part of the palate. Pterygoid is reduced 
in other mammals. 

The lower jaw or mandible articulates 
with the squamosal. It is made up of a 
single piece called deniary. r l he articulating 
surface! of the mandible is the condyle. A 
coronoid process from the posterior portion 
of the mandible extends into the temporal 
fossa. An angular process at the posterioi 
ventral angle of the mandible is prominent 
in many mammals. The two halves are 
united in front by a symphysis. 

A typical mammalian hyoid apparatus 
consists of a body or basihyal and two pairs 
of cornua or horns. 'The anterior cornua are 
called styloid processes and are attached to 
the otic region of the. skull. In some forms 
a chain of bones between otic region and 
basihyal are found. These bones are known 
respectively as lympanohyal , slylohyal , epihyal 
and ceratohyal. The posterior cornu is often 
small and called thyrohyal which is connect¬ 
ed to the thyroid cartilage of the larynx. 

Vertebral column. The vertebrae are 
amphiplalian or acoelaus. The centra are 
formed from plan occntra and the hypo- 
centra form intervertebral disc. The centra 
of mammalian vertebrae excepting mono- 
ti ernes and sirenia bear epiphysis at either 
end during early phase of development. 
Butin adult forms, these becomes fused with* 
the centrum. 

The mammalian vertebral column is 
divided into five distinct regions. They are 
cervical , thoracic , lumbar , sacral and caudal. 
Number of cervical vertebrae are 7 and is 
a constant feature in most mammals. The 
length of neck i> determined by the length 
of individual vertebra rather than by an 
increase in number. However, the number 
of cervical vertebrae are 6 in two. toed, 
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/ sloth choloepus, 9 in three toed sloth brady- 
pus. In the sirenian manatee Trichechus 
there arc 6 cervical vertebrae. Fusion of 
some or all cervical vertebrae are seen in 
whales, marsupial mole, jerboas, etc. The 
first cervical vertebra is called atlas. The 
atlas is provided with a pair of concavities 
for articulation with the occipital condyles 
X of the skull. The second cervical vertebra 
is called axis. It is provided with a peg like 
odontoid process. Cervical ribs are absent 
excepting monotremata. The presence of 
foramen transversariwn or vertebroarterial 
canal for the passage of artery, vein and a 
sympathetic nerve plexus in the cervical 
vertebrae is very characteristic of mam- 
The seventh and sometimes the sixtli 
f vertebra may lack tins foramina. In peris- 
sodactyle the cervical vertebrae are opis- 
ihontelous. 

The number of thoracic vertebrae are 
variable. The minimum number is 9 as in 
ilyperoodou. The greatest number is 25 as in 
sloths. Fusion of thoracic vertebrae in 
living inarm mils is not known. Thoracic 
ribs arc present in the thoracic vertebrae. 
Those libs connect the vertebrae, directly 
or indirectly with the sternum. Articular 
\ facets that are found in the thoracic ver¬ 
tebrae arc tubercular facets and costal demi- 
facels. 

The lumbar vertebrae are large and 
strongly buik Usually there are 4 to 7 
lumber vertebrae. Iu the whale .Ncoba- 
laena the number is 2 while in dolphin the 
number is 21 24. The transverse pro- 
eesses of the lumbar vertebrae are directed 

> forward. Some of the anterior lumbar 
jfcorlebrae are provided with Mammillary 
processes or Mctapophysis. The melapo- 
physcs of the armadillos arc large 1 and 
blunt and help to support the carapace. 

The sacrum consists of several vertebrae 
iinnlv ankylosed together and serves lor 
articulation of pelvic girdle. The number of 
separate elements that fuse is variable. 
There are five such elements in man and 
horse, 3 in dog and cat and 4 in pig. Extra 
elements coining from lumbar or caudal 
regions arc often incorporated. The verte¬ 
brae are pierced by sacral foramina both 
on the. dorsal and ventral sides. The first 
sacral vertebra is provided with lateral 
masses which bear cartilage covered auri¬ 
cular surfaces into which thi* ilium fits in. 

The number of caudal vertebrae is ex¬ 
tremely variable. In man there are 3 or 4 
caudal vertebrae fused to form the coccyx 


and in manis there are 50 caudal verte¬ 
brae. The antAior caudal vertebrae bear 
neural arch, spine, zygapophysis, etc. But 
these structures gradually diminish in size 
towards the tail end and thus the caudal 
vertebrae at the posterior end are repre¬ 
sented by centra alone. Chevron bones are 
found in whales and edentates. 

Sternum. The sternum of mammals is 
composed of a series of separate bones 
arranged in linear order. Three distinct 
regions are recognised in the sternum. They 
are anteriorly plan'd presternum or manu¬ 
brium, a middle mesosiermtm consisting of 
several sternibrae and a posterior mrtas - 
termini or xiplustcemiiu bom which hai «>< the 
xiphoid catliloge. Tin* prosu rmun is keeled 
in bats. The sternal elements are fused in 
cetacea, sircnca and primates. In man the 
entire slruoUm is Hal and is made up of 
three parts an anterior manubrium, 
middle body and posterior xiphoid pro¬ 
cess. The clavicle and lir.u pair of ribs join 
the manubrium. The second pair of ribs 
joins the sternum at the point of junctions 
between manubrium and body. Five moty 
pairs of ribs join tin.* body of the sternum 
in an even manner. Xo rib reaches the 
xiphoid^ process. 

Ribs. Mammalian ribs arc made up of 
two distinct regions an upper and bony 
vertebral region and ‘a lower cartilaginous 
region. The lower region joins the sternum 
directly or indirectly and is called costal 
cartilage. The ribs of moiiutremes are 
with three regions. Uncinate process is 
absent in mammalian ribs. Mammalian 
ribs are usually bicipital. The part of the 
rib between the two heads is called neck. 
The two heads are called aipitulum and 
tuberculum. The remainder is called shaft. 
The area where the shaft is very much 
curved is cailed the angle of the shaft. The 
ribs which arc directly in contact with the 
sternum arc called True ribs. Talse ribs are 
the posteriorly located ribs. The costal 
cartilages of such ribs arc either united 
with the costal cartilage of the last, true 
rib or lloal freely. False ribs which termi¬ 
nate freely are called floating ribs. 

The thoracic ribs are well developed in 
mammals. The tubercular head of the rib 
articulates with the tubercular facet, locat¬ 
ed on the ventral side of the transverse 
process and the capitulum articulates with 
the demifacet located in between two ad¬ 
jacent vertebrae. 

The number of mammalian ribs are 
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variable. There are 9 pairs of ribs in whales 
and 25 pairs in sloth. Number of true ribs 
ranges from 3-10 pairs. 

Girdles and limb bones 

Pectoral girdle. In nionotrcmes each half 
of the pectoral girdle consists of scapula, cor¬ 
acoid and precoracoid. The coracoids esta¬ 
blish a connection with the manubrium 
of the sternum on the ventral side. Pre¬ 
coracoids join with the episternum which 
lies anterior to sternum. The coracoids 
take major share in the formation of the 
glenoid fossa. Clavicles and interclavicles 
are present. In higher forms the precora¬ 
coid and interclavicles are lost. The cora¬ 
coid becomes reduced to a coracoid pro¬ 
cess which lie on the scapula adjacent to 
glenoid fossa. Scapula is provided with 
scapular spines in most cases and the spine 
ends in acromian process, in some mam¬ 
mals the clavicle persists as a strong arch. 
In others it is lost. Presence of strong cla¬ 
vicle is correlated with the freedom of 
movement of the fore limb. 

Foreliii^b bones. The h inner us bear near 
its distal end a supracondylar foramen in 
most mammals. The brachial artery and 
median nerve of the arm passes through the 
foramen. Brachial vein does not pass 
through ii. Radius and ulna are connected 
with the distal end of the humerus by a 
hinge joint which allows movement in one 
plane. In primates the radius and ulna 
arc not arranged in a fixed position, but 
are articulated in such a way that the 
distal end of the radius can rotate about 
the ulna. The ulna articulates with 
the humerus through the olecranon fossa 
of the humerus by a notch. The proximal 
end of the ulna is called olecranon process 
or elbow. 

‘Carpal bones are many with a tendency 
towards fusion. Mctacarpals are long. 
Number of phalanges in the first digit is 
2 while in the rest the number is 3. In horse 
only the 3rd or middle digit persists. This 
digit bear hoof. 2nd and 4th digit may 
remain as splints. In cattle the 3rd and 4th 
digits are functional. Each consists of three 
phalanges. The terminal phalanx bear the 
splitted hoof. There are two mctacarpals 
in cattle. Of these one is large and the 
other is small. The large one is formed by 
the fusion of third afid fourth digits and 
the line of fusion Can be seen. Small meta¬ 
carpal is a vestige of the 5th digit. 


In bats the forelimbs are modified. All 
the elements of the forelimb are elongated 
but the ulna is very much reduced. The 
proximal end of ulna is present and its 
distal end is fused with the radius. The 
first digit is free and bears a claw. Meta- 
carpals and remaining digits are much 
elongated. The third digit is the longest. 

The pentadactyle limbs of cetaceans 
and sirenians are webbed to form the 
flippers. The central digit is with more than 
usual number of phalanges. 

Pelvic girdle Ilium, ischium and pubis 
are the constituent bones of the pelvic 
girdle. The elements unite to form a single 
bone— innominate . Both ischia and pubes 
form symphysis in many mammals but in 
others the ischia do not meet ventrally so 
that only pubic symphysis is present. The 
three bony elements in most cases are uni¬ 
ted at the acetabulum. A small acetabular 
(cotyloid) bone is frequently present in the 
acetabulum as a substitute for pubis or 
in some cases for ilium. A large obturator 
foramen bounded by pubis and ischium is 
characteristic of mammals. The ilium and 
sacrum is firmly ankylosed. The ilium in 
primates and specially in man is broad and 
flat in correlation with upright posture. 
Pelvic girdle and hindlimbs arc absent in 
whales and sirenia, but remnants of paired 
pubis and ischium are present. 

In nionotrcmes and marsupials, from 
each pubis a marsupial bone or epipubic bone 
extends towards the ventral wall of the 
abdomen. 

Hindlimb bones. Femur is strongly built. 
The head of the femur articulates with the 
Acetabulum. Ttochantars on the femurs 
are usually three in number. A patella or 
knee cap is always present. The tibia are 
stronger than the fibula. The fibula is 
reduced in size or is fused with the tibia 
forming a small splint. Cnemial crest on 
the fibula is present. 'Tarsal bones are 
distinct entities. 'The proximal tarsal 
bones are represented by astragalus and 
calcaneum. The shape of the astragalus 
varies in different .mammalian orders. The 
astragalus bears at its proximal end a 
grooved surface called trochlea which arti¬ 
culates with tibia and fibula. 'The neck 
and head of astragalus arc of varying 
shapes. In low r er mammals an astragular 
foramen is present at the outer border of 
trochlea. The heel of the foot is formed by 
a projection from the calcaneum. Reduc¬ 
tion of the number of digits is more pro- . 
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nounced in the hindlimh than that in the 
forelimb. 

Mammals exhibit three types of foot 
posture. The most primitive is the planti¬ 
grade posture exhibited by man, bear and 
some insectivores. In plantigrade animals 
the whole foot remains in contact with the 
ground during locomotion. Digitigrade pos¬ 
ture is exhibited by cat, dog, etc. In this 
posture only the digits remain in contact 
with the ground and the wrist and ankle 
remain elevated. The unguligrade posture is 
most specialised and is exhibited by swiftly 
moving animals like horse, deer, etc. In 
this posture only the hoof remains in con¬ 
tact with the ground. 

DIGESTIVE SYSTEM 

The basic structures of the digestive 
system in mammals is more or less cons¬ 
tant. Some of the parts associated with the 
system depic t modifications. The modifi¬ 
cations arc 1 discussed below. 

Tongue. A muscular tongue is present 
in the floor of the buccal cavity of all 
mammals. The tongue shows many modi¬ 
fications in form but not in function. 1’he 
longue is movable in all groups of mammals 
excepting the whales. The tongue muscles 
of ant caters extend as far as the sternum. 
The tongue ac ts as prehensile organ in 
most ruminants and ant craters. In the 
cat family, the filiform papillae are highly 
cornified and are used in rasping the flesh 
off the boners. In dogs the tongue helps in 
the maintenance of body temperature 
because* the sweat glands on. the skin play 
little role in temperature regulation. 

Teeth. Teeth are present in all mam¬ 
mals though a secondary tooth less condi¬ 
tion is exhibited by some mammals. The 
adult platypus bear epidermal teeth but 
no true teeth arc* present. In Echidna teeth 
are absent in all stages of life. In certain 
ant caters and in adult whalebone whale 
teeth are lacking. 

Thecodont condition is the rule in mam¬ 
mals. 'The teeth are diphyodont. The first set 
called baby teeth , milk teeth , lacteal teeth or 
deciduous teeth are lost and then are re¬ 
placed by a second set. In bats and guinea- 
pigs ‘the milk teeth are lost even before 
birth. Monophyodont condition is exhibited 
by platypus, toothed whales and sloths. 
The marsupials retain all their milk teeth 
excepting the last premolars. 

Heterodont condition is the usual fea¬ 
ture in mammals. Homodont condition is 


present in certain cetaceans. Pinuipcdians 
shows a tendency towards homodont con¬ 
dition. 

There are four different types of teeth. 
Incisor lie in front on either side. The inci¬ 
sors are followed by a single canine. It is 
large, long crowned and is with a single 
root. Following the canines there are the 
premolars or bicuspid teeth. These teeth 
are with two roots and are complex in 
form. Lastly comes the molars which are 
with many roots. 

The number of teeth in any particular 
species is constant. The maximum number 
of teeth in heterodont condition is 44. 
There are mammals with teeth fewer in 
number than this. This is because of the 
fact that there has occ urred reduction in 
the number of one or more types. This 
constancy of the number of teeth has 
become a tool in the hands of taxonomists 
for the purpose of classification. A denial 
formula to show the constant nature of 
teeth in a given species of mammal has 
been devised. Since two halves of the jaw 
correspond, only the number of teeth on 
one side is recorded in making the dental 
formula. 'Those of the upper and lower 
jaws arc separated by a horizontal line so 
that they appear in the formula as nume¬ 
rator and denominator. 'The kind of teeth 
is indicated by the initial letters i, c, p, m 
indicating incisor, canine, premolar and 
molar respectively. Tor further simplifica¬ 
tion the initial letters are often omitted. 
When a certain type of tooth is absent 
a zero is in use to indicate the fact. 
Dental formula of some mammals: 


3. 1.3.1 
3.1.2.1 


Dog 


3. 1.4.2 
3. 1.4.3 


, Mole 


3. 1.4 3 
3! 174. 3’ 


Squirrel 


1.0.2. 3 
1.0. 1.3’ 


Rat 


1.0. 0. 3 

1 . 7 ) 70 ’ 


LJ 3. 1.4.3 . 1.0.0.3 

Hoi sc hlephant () () () 


Depending upon the feeding habit and 
the type of food taken the premolars and 
molars have undergone changes in their 
shape: When the cusps in the cheek teeth 
remain separate and rounded the tooth is 
'.ailed bunodont type. In man and in some 
mammals the cheek teeth arc bunodont; 
type and they are used in grinding. If the 
cusps are joined to form ridges or lophs. the 
tooth is called lophodont. The cheek teeth 
of elephant is lophodont type. When the 
cheek teeth are with sharp cutting crowns 
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the teeth arc called secodont. This condition 
is present in terrestrial carnivores. Cheek 
teeth with crcsent-shaped cusps are known 
as sdenodonl. in ruminants and horses the 
teeth are selenodont type. A tooth with a 
low crown is called brachydont and when 
the crown is high is called kypsodvnt. 

The origin of the complex cheek teeth 
oi* mammals was a controversial issue for 
a long lime. The simple and single rooted 
incisor and canine show little modifi¬ 
cations and arc not taken into considera¬ 
tion in any discussion on the origin of 
cheek teeth. Two theories have been put 
forward 1o explain the oiigin of the com¬ 
plex check teeth. The first, theory advo¬ 
cates that the cheek teeth originated by 
the fusion of two or more conical teeth. 
In dugong several enamel organs fuse to 
form the molar teeth. As the theory is not 
supported by cmbryoJogical evidences and 
the condition found in dugong is consi¬ 
dered as exception, the theory has been 
discarded. The other theory holds that 
starting with a primitive conical tooth, two 
additional projections or btuls developed 
giving rise to the so called triconodont shape 
(big. O.jI). In the second phase these cones 


paraconid 



Fig. 9.51. Showing the evolution of mammalian 
clink, troth front simple conical reptilian tooth. 
A. Reptile. Ji. Dionmlherium. (!. Microconoihm. J). 

Spalatoihemm. E. Am/thilherium. 

shifted so as to give rise to separate tuber¬ 
cles or cusps arranged in a triangle. 'This 
lias been called tritubercular position. Still 
later oilier parts may have developed from 
these three original tubercles so as to form 
additional cusps or folds and thus arrived 
the varied types of mammalian cheek 
teeth that exist today. Since the theory is 
supported by considerable paleontological 
evidence, it is held today. 

Some mammals possess unusual teeth. 
The tusks of elephants are modified upper 
incisors with open root canai. They grow 
continuously throughout life. The incisor 
teetli of rodents and lagomorphs are with 


open pulp cavity. They are chisel-shaped 
and grow continuously. The tusks of male 
wild boar are greatly developed canine 
teeth with persistent pulp cavities. Both 
upper and lower canines take part in the 
formation of tusks in male boar. Male and 
female walrus have tusks. These are en¬ 
larged upper canine teeth. The carnassial 
teeth of the carnivores is formed by a pre- 
molar above and a molar below. It is used 
in shearing. 

Stomach. The stomach in mammals is 
transversely arranged and in most forms 
they are typical. In platypus the two limbs 
namely cardiac and pyloric are almost 
fused along the lesser curvature and appear 
as a wide sac. Since the lining epithelium 
is devoid of glands the stomach in mono- 
tremes is not considered as a true stomach. 
The cardiac and pyloric regions in some 
monkeys and rodents are marked by a 
constriction in between them. Such sto¬ 
mach is known as hour-glass stomach. The 
pyloric part of the stomach of kangaroo is 
provided vvith many peculiar and sacculat¬ 
ed folds in its wall. In the blood sucking 
bat, Di'smodus , the pyloric part has become 
elongated to form a caecum-like structure 
for storage of sucked blood. 

Stomach of ruminating mammals is very 
complex. The stomach in cattle is constitut¬ 
ed of four separate chambers. These cham¬ 
bers are known as rumen [paunch), reticulum 
( honeycomb )/ omasum (psalterium) and 
abomasum [rennet). Of these, the first three 
are considered by many as modified parts 
of the oesophagus but cmbryological 
studies show that they are really parts of 
stomach. The rumen is large and sac-like 
and serves mainly as storage organ. The 
cattle feed fairly rapidly and fills the rumen 
vvith grain, grass and other herbage. 
The food within the rumen is churned by 
muscular contraction and undergoes cer¬ 
tain bacterial fermentation during its stay 
in the rumen. Food from the rumen passes 
by degrees into the reticulum or directly 
to the oesophagus and thence to the mouth 
by a process of retroperistalsis . Such food 
regurgitated into the mouth is called cud qr 
bolus. When the cud is well masticated and 
thoroughly mixed with the secretion of the 
salivary glands, it again passes into the 
rumen. A new bolus is again formed and 
chewed and se^t back to the rumen. The 
process is repeated several times and when 
all the food is well masticated it passes to 
the reticulum and then to the omasum and 
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^abomasum. The abomasum is provided 
with gastric glands. 

In camels the stomach is three cham¬ 
bered. the omasum being absent. The 
rumen and reticulum parts of the stomach 
of camels are provided with pouch-like 
water cells. Their openings are guarded by 
sphincter muscles. At one lime it was 
^believed that the camels store water in 
their water cells and make prolonged 
journey without drinking water. Hut tlu: 
view is no longer tenable. The pouches can 
by no means Isold as much water as would 
be required by the animal on a prolonged 
journey through the desert where no water 
is available. Recent studies have shown 
*4b<at the camels get their water requiro- 
jfnent during journey by the breaking- 
down of the glycogen of the muscles and 
fat of the hump. Physiologists have .shown 
that for each 100 gm. ol lat oxidised in the 
body 110 gm. of water is formed. They also 
have shown that, the water cells do contain 
sonar metabolic water. The water is pure 
in nature and helps in moistening the food. 

The stomach of whales and hippopota¬ 
mus is divided into several chambers. 

1 he glands that are found in the stomach 
have been named according to their loca¬ 
tion. The glands located on the cardiac 
part of the stomach are cal led cardiac glands. 
Those located on the fundus and pyloric 
parts are called r undlc and pyloric glands res¬ 
pectively. The lundic glands are of greatest 
importance in digestion. There are three 
types of fundic glands. They are mucous 
neck cells , chief or zymogen cells and parietal 
or acid secreting cells. The secretion ofihc 
jWbmach is known as gastric juice. It contains 
^^imicous, hydrochloric acid, pepsin, renin 
and gastric lipase. The concentration of 
gastric hydrochloric acid in human gastric 
juice varies from 0 05 to 0*3 per cent. In 
dog this concentration may be as high as 
0*6 per cent. 

Caecum. A caecum at the junction of 
/fthe large and small intestine is present in 
t* most mammals. The size and the structure, 
of the caecum varies greatly in different 
mammalian orders. As a general rule the 
caecum is larger in vegetarian than in 
carnivorous forms. The caecum is large 
in eutherian rabbits. In hyraxfour distinct 
caeca are present. Of these the posterior 
pair bear vermiform appendix. In man, 
/k .monkey, civet and few rodents the distal 
^ part of the caecum is degenerated and has 
r ormed the vermiform appendix. Caecum 


is simple in monotremes and absent in 
sloths, cetacea • and a few carnivores. 
Marsupial koala bear the longest caecum 
of all. It is about 230 cm. long. 

RESPIRATORY SYSTEM 

The basic respiratory organs are same 
as in guinea-pig. in cetacea, the* epiglottis 
and arytenoid are long forming a tube 
whieh extends into the nasal chamber. A 
third bronchus is present in some cetacea 
and artiofhrtyla which opens into the 
right lung in front of the ordinary bron¬ 
chus. Air cavities are often associated with 
various parts of the respiratory tract. An 
Eustachian tube is present connecting the 
tympanic cavity to the pharynx. Air sinuses 
of considerable dimensions may sometimes 
remain present into the bones of skull espe¬ 
cially the maxilla and 1 rounds. These 
spaces are called maxillary aorta and frontal 
sinuses. Pharyngeal air sac s are. present: in 
howler monkey - Aloualta. 

111.001) VASCULAR SYSTEM 4 

The blood of mammals is warm and 
blood temperature ranges between 3”) iJ C 
In 4(.rt . excepting the mount rentes whieh 
are cold blooded. The mature R.B.d. ate 
uonnuelcated and circular in outline ex¬ 
cepting the camels in which the R.11.(1. are 
elliptical in outline. 

The structure of the heart is same as 
described earlier. A single, aortic arch 
situated on the left side is present in all 
mammals. Sometimes a single trunk arises 
from the arch of the aorta and gives rise 
to both the carotids and subelavians. Some¬ 
times two main trunks right and left 
innominate arteries arise from the arch of 
the aorta each giving rise to the carotid 
and subclavian of its own side. Sometimes 
only right innominate artery is present 
and it gives off right: subclavian and right 
carotid while the left subclavian arid left 
carotid emerge separately from the arch 
of the aorta. In rabbit the innominate 
gives origin to both the carotids and right 
subclavian and left subclavian comes out 
separately. 

In the venous system, iri most mammals 
only the right prccaval persists and the left 
precaval aborts and its vestige gives rise 
to coronary sinus. In monotremes. marsu¬ 
pials, elephants, rodentia, inscc.tivora and 
chiroptera both right and left precavals 
persist. In monotremes all the pulmonary 
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veins open by a common (mnk. In rneta- 
theria and eutheria there are four pulmo¬ 
nary veins. These veins either open into 
the heart, separately or two veins of one 
side unite to form, a single lateral trunk 
which opens into the he art. An abdominal 
vein is present in Tachyglossus. 

The presence of peripheral or subperi¬ 
pheral anastomoses is a very peculiar fea¬ 
ture in many mammals. This is a means 
for climatic thermal adaptation and is present 
in whale, sirenia, seals, amphibious rodents 
and sloths. With the help of this arterio¬ 
venous relcs these creature ran swiftly lose 
heal or ensure heat retention. 

Hibernation is practised by many small 
mammals specially tin* bats and rodents. 
The north American ground squirrel 
(citellvs beecheyi.) can lit* induced to hiber¬ 
nate irrespective of season 

MiRVOL’S SYSTKM 

The central nervous system or Brain is 
relatively large amongst the vertebrates. 
The structure of the cerebral hemispheres 
of tin; forebrain is very complex. The cere¬ 
bral hemispheres arc large and project 
forward above the olfac.ory lobes and 
posteriorly above (lie diencephalon and 
midbrain. A deep median fissure separates 
the two hemispheres dorsally. Each hemis¬ 
phere is again separated into an anterior 
frontal lobe and a posterolateral temporal 
lobe by an oblique. Sylvian fissure. The roof 
of the cerebral hemispheres arc invested 
with neopallium formed by the upgrowth of 
the lateral parts of the pallium. T he nco- 
pallium is beset with large number of 
neurons. T he neuron form a layer called 
cortex. Below the cortex lies a thick layer of 
medu Hated nerve fibres forming the 
medulla. T hus neopallium is made, up of 
outer cortex and inner medulla. The cortex 
bear many depressions or sulci and lobes or 
£177. T hese are formed by infolding of the 
cortex to increase the surface area. The 
hemispheres are smooth in orninthorhy- 
ncus, somewhat convoluted in Tachyglos- 
sus. In lower marsupials no convolution 
is present. The cerebral hemispheres of 
two si dec are connected with each other 
along the middle line by a band of nerve 
tissue called corpus callosum —a structure 
unknown in other vertebrates and even it 
is absent in monrilremes and marsupials. 
The lloor of the 'hemispheres is thick and 
forms anteriorly the corpora striata and 


posterolaterally the hippocampus . An an¬ 
terior commissure joins the two corpora 
striata and the two hippocampi are joined 
by a hippocampal commissure. A delicate 
membrane called lamina terminates runs bet¬ 
ween the anterior commissure and optic 
chiasma. The lateral ventricles within the 
hemispheres are complex. Each ventricle 
consists of a middle body from which three 
prolongations or cornu run forward, back¬ 
ward and outward. The olfactory lobes are 
small and lie below and in front of the 
hemisphere'’. Each olfactory lobe run back¬ 
ward into a olfactory trad. Each trad 
terminates in a round elevation called 
tuberculum olfactorium. The olfactory tracts 
are kept separated from the hemispheres 
by rhinal fissure. The rhinocoel or olfactory 
ventricle is ill-developed. 

T he diencephalon is small and is almost 
covered dorsal ly by the cerebral hemis¬ 
pheres. Internally the third ventricle or 
diocoel is laterally compressed. The roof is 
delicate and vascular. It is called velum 
interposition .. It is continuous with the 
anterior choroid plexus. Above the choroid 
plexus lies the ill-developed and stalked 
pineal body or epiphysis. The side walls of 
the diencephalon or thalami are thick mass 
of white and gray matter. The two thalami 
are connected together by a habenular 
commissure which lie close to the pineal 
stalk. The Boor of the diencephalon is call¬ 
ed hypothalamus. The hypothalamus bears 
on the ventral side the optic chiasma and 
the infundibulum. The peculiarity of the 
mammalian optic chiasma is that, ail the 
fibres of the optic nerve do not participate 
in forming it. but only the inner fibres 
decussate or cross. The pituitary gland is 
attached with the infundibular tp. Be¬ 
hind the infundibulum lies a round corpus 
albicans or corpus mammillare. 

The midbrain bears on its dorsal side 
two pairs of optic lobes called corpora 
quadrigemina which is characteristic of 
mammals. 'The anterior pairs of optic lobes 
are connected with each other by a deli¬ 
cate posterior commissure. The iloor of the 
midbrain is thick forming the crura cerebri . 

The cerebellum is large and complex 
and is divided into a number of lobes. 
There is a large, central lobe called vermis . 
two lateral lobes and two outer or floccular 
lobes. The cerebellar surface is convoluted 
by the formation of sulci and gyri. On the 
ventral side a thick band of nerve fibre 
called pons Varolii joins the cerebellar cortex 
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*.of two sides. A large number of tracts ol 
nerve fibres or peduncles join the cerebel¬ 
lum to the other parts of the brain. The 
medulla oblongata is thick. 

SENSE ORGANS 

They have the same general plan of 
^structure as encountered in Birds and Rep¬ 
tiles. 

Smell. Organ of Jacobson is well deve¬ 
loped in lower groups of mammals. The 
olfactory mucosa has become elaborate in 
higher mammals because of the convolu¬ 
tions of the ethmolurbinal bones. The nasal 
chamber has lost its sensory functions in 
•a]* toothed whales where the olfactory 
yrforves are almost vestigial. 

Sight. The structure of the eye resembles 
that of other vertebrates. The pecten of 
birds and reptiles is absent. The sclera is 
composed of condensed fibrous tissue. Most 
of the mammals are provided with three 
eyelids in each eye. The upper and lower 
eyelids are opaque and arc provided 
with hair. The third eyelid is transparent 
and hair less. In higher forms the third 
eyelid is vestigial. Its vestige ran be seen 
i\ ( . as a pink fold in the inner eamhus of cadi 
eye. The eye-ball and the eyelids are kept 
moistened by the secretion of a lachrymal , 
a harderian and a series of meibomian glands 
for each eye. ? 'ollowing are the accounts of 
eye and its associated structures in marn- 

The eyes are ill-developed and almost 
funetionless in burrowing inscctivovcs. 
moles and marsupial nolaryctes. The eyes 
of whales are small. In plafanista it 
is vestigial. The (‘yes of the whales arc 
variously modified. In them the cornea is 
Bat and the lens is round. The sclera is 
thick and the eyelids are provided with 
specialised lid muscles for protection 
against pressure. 

Cartilage is absent in the sclera. A tape- 
turn lucidum is present in many nocturnal 
form. Tapetum lucidum is a layer of light 
reflecting crystals located on the choroid 
coat adjacent to the retina. Hoofed mam¬ 
mals possess a tapetum fibrosum. In it the 
portion of the choroid coat is made up ol a 
tendinous type of connective tissue which 
glistens in a manner similar to a fresh 
/lr tendon. Carnivores, seals and lower pr»- 
mates possess another type of tapetum 
1:1 called tapetum cellulosutn . It is composed of 
several layers of cells filled with small 


crystals of unknown organic, material. The 
pupil is round rti most forms. A vertical 
slit is characteristic of the eat family. The 
vertical slit in them become round at night. 
The slit is transversely arranged in many 
ungulates and whales. The portion of the 
iris bordering the pupil is modified to form 
an irregular, pigmented and fringe-like 
nmhraculum in gazelle and camel. This is a 
device to protect the eye from excessive 
glare. 

The retina of the eve bear rods and 
cones. But in lower orders like edemata, 
chiroptcra and cei tain shrews the cones are 
absent. It has been shown that, rods detect 
the differences in the intensity of light and 
hence the nocturnal animals usually have 
rods only. Rods contain a purple pigment 
called Rlwdopsin which is destroyed by light 
but arc instantly manufactured by vita¬ 
min A. The cones of the eye are sensitive 
to bright light and to various colours. 
Recently three more pigments have been 
detected in the human eye. They arc red 
sensitive aylhroldhe. green sensitive dilaro - 
lobe and blue sensitive nanolabe. The capa¬ 
city for colour vision however, is restricted 
amongst the primates only. 

Hearing and balance. Amongst the 
vertebrates the ear is best developed in 
mammals. The accessory parts and the 
membranous labyiinlh have become very 
complex in mammals. 

All mammals excepting inonotrcmata, 
cetacea and simiia possess large external 
pinna . This is supported by cartilage and is 
of various sizes and shapes in different 
mammals. It helps in collecting sound 
waves and it is turned in different direc¬ 
tion by the mammals excepting man. 
Opening of the external auditory pas-age lies 
at the base of the pinna. The external 
passage f* ads up to the tympanic membrane. 
The walls ol the passage may be membra¬ 
nous or cartilaginous or osseous in part. 
The passage is formed of a series of incom¬ 
plete rings in lachyglossus. The middle 
car or tympanic cavity is enclosed by 
periotic and tympanic bones. The cavity 
communicates with the pharynx by the 
eustachian tube. The inner wall of the 
tympanic cavity bear 'fenestra ovalis or 
fenestra rotunda. A chain of auditory ossicles 
—the malleus , incus and stapes run between 
the tympanic membrane and rotunda. 
These are the smallest bones in the body 
and show variation in form. The stapes is 
with a foramen and the perforation is made 
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by a minute artery as in rabbit. Stapes is 
rod-shaped in mams. The membranous 
labyrinth of the internal ear is with a 
specially developed cochlea. The cochlea 
is spirally coiled and is absent in mono- 
trernala. 

EXCRETORY SYSTEM 

T he kidney in mammals is metanephric 
and is the principle excretory organ. There 
is a pair of kidneys. Each kidney is a com¬ 
pact, bean-shaped structure and is retro¬ 
peritoneal in position, ft is covered over by 
a connective tissue covering called capsule. 
The median side of each kidney bear a 
depression called hilum. At this point the 
ureter and renal veins leave the kidney and 
renal artery and nerve enter the kidney. 

T he kidney proper is dernarked into two 
distinct regions an outer cortex and an 
inner medulla. T he renal corpuscles and 
convoluted portions of the secretory tubu¬ 
les remain confined in the cortical region. 
Each renal corpuscle is made up of a 
Bowman s capsule formed by an undented 
expansion at the cortical end of the excre¬ 
tory" tubule. Into the Bowman’s capsule 
lies a capillary bed formed by an artery. 
The capillary bed is called glomerulus. 
The wall of the glomerulus is one cell thick. 
Each tubule, as it leaves the Bowman’s 
capsule becomes differentiated into four 
distinct regions. They are a proximal con¬ 
voluted tubule , a long loop of Hade with 
descending and ascending portions and a 
distal convoluted cubtde. Secretory tubules 
with their Bowman’s capsules are nume¬ 
rous. It is estimated tha* there are about 
1 million renal corpuscles in each kidney. 
Each distal convoluted tubule opens in a 
collecting tubule. 

The medulla is made up of large area. 
The area is occupied by a number of renal 
pyramids. Columns of cells called renal 
column of Bertini originate from the cortex 
and invade the spaces in between the renal 
pyramids. The apex of the pyramids is 
subdivided into smaller units called lobule. 
The collecting tubules remain confined 
usually into the pyramids. The inner 
border of each pyramid is projec ted into 
an out-pocketing of the pelvis. This out- 
pocketing is tailed minor calyx. Several 
minor calyces join together and form major 
calyces which in # their turn open into the 
pelvis. 

The centre of the kidney is the sinus of 
the metanephros. It is filled up with blood 


vessels, nerves, fatty tissue, pelvis and caly¬ 
ces. The ureter emerging from the pelvis 
passes through the hilum and opens into 
the urinary bladder. 

Fluid is removed from the blood by the 
renal corpuscles and is passed down the 
secretory and excretory tubule. Most of 
the filtrate specially glucose and salts 
(about 99%) is reabsorbed through the 
walls of the secretory tubule and is re¬ 
turned to the blood stream. The remainder 
is called urine. Urine is made up of water, 
urea, sodium chloride, potassium and uric 
acid. This straw yellow fluid passes down 
the ureters, remains for some time stored in 
the urinary bladder and then is voided 
through the urethra. 

The urinary bladder is a muscular sac 
and is derived from the ventral wall oft he 
cloaca and a portion of allantoic stalk. 
The ureters open directly on the dorsal 
posterior side of the bladder in all mam¬ 
mals excepting monotremata. 

In many mammals (Proboscidea, ceta¬ 
cea, arliodaetyla, etc.) the kidney retains 
embryonic iobulated condition. In others 
the kidney surface is smooth in adult stage. 
In Procavia urine is voided as viscid steaks. 
These animals live in hot arid rocky area 
and as such have developed a mechanism 
for the retention of as much fluid as possible 
and as a result the urine is of thick 
consistency. 

REPRODUCTIVE SYSTEM 

Male reproductive system. This sys¬ 
tem consists of a pair of testes, ducts and 
associated glands. The testes are oval bodies 
and remain in exceptional cases in their 
original site of formation in the abdominal 
cavity. 'Thus the testes are abdominal in 
cetacea, elephants, hyracoidea and in 
some insectivorcs. In majority of the mam¬ 
mals they pass down the inguinal canal and 
lie in a space between the urinogenital and 
anal aperture. The space is known as peri- 
naeum . 'The testes may descend down fur¬ 
ther and may remain inside a pendulus 
pouch of skin called scrotum . The scrotal 
sac may sometimes be double. 

Each testes is covered over by a mem¬ 
brane made up of connective tissue fibre. 
The membrane are called tunica albuginea. 
Internally the testes are composed of large 
number of semmiferous tubules and Ley dig's or 
interstitial cells. The Leydig’s cells are rich¬ 
ly supplied with blood and arc located in 
the interstices between adjacent seniini- 
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ferous tubules. These cells secrete the male 
■ sex hormone, The spermatozoa from each 
testis is discharged from the seminiferous 
tubules into a plexiform rete testis , from 
where they go to the epididymis. The epi¬ 
didymis continues as vas deferens which 
runs downwards. At the posterior end the 
vas deferens bear two swellings. The first 
\ swelling is called ampulla and the second 
' swelling is called seminal vesicle which is 
glandular. These vesicles do not store 
seminal fluid but in all probability pro¬ 
duce fructose to be utilised by the sperma¬ 
tozoa. Ejaculatory duct coming out from the 
vesicle enters into the median urethra and 
penis. 

A small diverticulum called uterus mas - 
jtuiinus is present at the proximal part of 
*uie urethra. The uterus masculinus is in 
all probability a rudimentary Mullerian 
duct. Surrounding this region lies a large 
and alveolar prostrate gland. It is absent in 
monolmnata, marsupials and cetacea. 

Duels from a pair of small and racemose 
Confer’s gland or bulbo-urethral glands open 
into the urethra near the base of the penis. 
Both prostrate and Cowptr’s glands are 
under nervous and endocrine control and 
s their secretions are added to the speima- 
^ tozoa. 

The structure of penis is variable in 
different mammals but basically it is com¬ 
posed of sinusoidal and erectile tissue 
arranged in longitudinal columns. Two 
such columns on the dorsal side make up 
the corpora cavernosa of penis. These columns 
are attached proximally to the isehia ex¬ 
cepting in monolremcs, marsupials and 
* some edentates. A third column of erectile 
tissue called corpus spongiosum occupies a 
ventral position. It is perforated by the 
urethra and dislally it becomes dilated to 
form the glans penis. An osseous element 
called os penis or os priapi is present on the 
septum between the columns of corpus 
cavernosa in some rodents, carnivores, 
, bats and some primates. This structure is 
absent in man and whales. According to 
some its homologue is the clitoris of the 
female. m 

At the lime of sexual excitement nerve 
impulses cause dilation of the arterioles 
and capillaries filling up the sinuses inside 
the penis. The plain muscles of each sinus 
wJl is now relaxed and .contraction of 
circular muscles occur. Thus the blood 
flow is impeded causing turgidity and 
erection of penis. Most of the terrestrial 


carnivores bear horny spines or roptdatory 
grapples near the*t ip of the penis. 

Much experimental work has bien done 
on the mammalian testis and it has now 
been confirmed that male hormone pro¬ 
duction is done by the Leydig's cells. The 
male hormone is called testosterone . Syn¬ 
thetic manufacture of testosterone is now 
possible and any substance having equal 
physiological properties similar to that of 
testosterone is (‘ailed androgen. 

Castration is a long practice for the 
improvement of the quality of flesh of 
domestic animals and to make them docile. 
A castrated bull is known as steer , a cas¬ 
trated horse is called a gelding, a castrated 
boar is called barrow and a castrated man 
is called eunuch. If an animal is castrated 
before puberty, masculine structures and 
characteristics do not develop. Castration 
after puberty leads to regression of acre- 
sory sex organs but secondary sex charac¬ 
ters are little altered. It has been shown 
that the internal secretion of testes has a 
profound role on the development of cer¬ 
tain parts of skeleton specially the pelvis* 

Female reproductive system. I t con¬ 
sists of a pair of ovaries and a pair of ovi¬ 
ducts. The ovaries are compact bodies 
located in the lumbar or pelvic regions. 
During dc.vclopme.nt (hey arise* at the level 
of the metam phric kidneys but later des¬ 
cend to their permanent and most posterior 
location. Mammalian ovaries are small 
and remain suspended from the middorsal 
body wall by mesovarium. Blood vessels 
and nerves enter the ovary at a point called 
hilum. The hilus is attached to the uterus 
by a suspensory ligament. The ovaries arc so 
oriented that the surface is exposed to the 
coelomic cavity but the funnel of the ovi¬ 
duct lies so close to the ovary that the dis¬ 
charged ovum directly enters into the 
funnel. 

The whole or part of the ovary remain 
enshcathed by a specialised peritoneal fold 
called germinal epithelium . The ovary is made 
up of two distinct regions - the outer 
cortex and inner medulla . The medullary 
region is composed of connective tissue, 
blood and lymphatic vessels, smooth mus¬ 
cles and nerve fibres. The cortex consists 
chiefly of compact stroma . The Graafian 
follicles lie in the cortex. The follicles vary 
in size according to their states of matu¬ 
rity. Three different types of follicles 
according to maturity can be recognised. 
They are primary , growing and mature folli- 
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c[cs. Generally primary follicles 'lie near 
the ovarian surface, growing ones advance 
towards the medulla and the mature ones 
extend throughout the thickness of the 
cortex and may produce elevations on the 
ovarian surface. 

A primary follicle consists of a centrally 
located ovum surrounded by a single layer 
of epithelial follicular cells. In growing 
follicles the follicular cells become arrang¬ 
ed in many layers. Each follicle now be¬ 
come surrounded in a sort of capsular 
arrangement. The cap is called theca. The 
theca is arranged in two layers—the outer 
layer is called theca externa. The cells of the 
theca externa are long and spindle-shaped. 
The inner layer of the theca is made up of 
round cells and is called theca interna. It is 
believed that the cells of the thcea interna 
secrete female sex hormone or estradiol. 
The ovum in a mature follicle ceases to 
enlarge* and becomes surrounded by a 
deal*, thick and transparent envelope. The 
envelope is produced by the follicular cells 
and is called .zona peUucida. The envelope 
is pierced by minute canals through which 
nourishing materials enter the ovum. The 
follicular cells that lie just outside the zona 
pcllucida arc columnar in shape, stain 
differently and appear very conspicuous. 
They form layer and are known as corona 
radiata. The follicular cells which were solid 
mass of cells so long now undergo vacuo- 
lation and rearrangement. This results in 
the formation of a cavity called antrum or 
follicular cavity. The cavity remains filled up 
with a semi viscous fluid called liquor foilicvli 
or follicular fluid. The ovum surrounded 
by zona pcllucida and corona radiata 
lies on a small hillock of follicular cells 
and projects into the antrum. The hillock 
is called getm hill or cumulus ooplwrus. The 
follicular cells at the periphery are several 
layer in thickness and is collectively known 
as stratum gramdosuni 

Many follicles start developing at a time 
in mammals but most of them degenerate 
and become atretic. Iri a mature female, at 
periodic intervals which are typical of 
each species, one or more follicles grow to 
maturity, the number being closely relat¬ 
ed to the number of offsprings produced 
at a time; Fully developed ovum comes out 
by rapture of the follicle and comes to the 
Fallopian tube through the funnel of the 
oviduct. In cat, rabbit and shrew ovulation 
does not occurs unless they copulate. 

In some mammals the antrum of follicle 


after the discharge ol* the ovum becomes 
filled up with a dot of blood coming from 
the raptured blood vessels of the theca. 
Such a body is called corpus hemorrhagicum. 
In other mammals the cells of the stratum 
granulosum and theca interna undergo 
transformation. They enlarge and push in¬ 
to the antrum obliterating it. A large and 
round mass of cells called corpus luteum 
finally fills the antrum. Each corpus luteum 
persists as a sear-like corpus albicans. The 
corpus luteum acts as important endocrine 
gland. It secretes a hormone called Pro¬ 
gesterone which prepares the reproductive 
tract for pregnancy and for maintenance of 
pregnancy. 

Mullerian or oviducts in paired condi¬ 
tion is present in all mammals. In higher 
mammals the duct is differentiated into 
three distinct regions. The upper region is 
called Fallopian lube. It is narrow' and* its 
free end opens into the coelome forming a 
(imbricated funnel. The middle part of the 
duct has become much enlarged to form 
the uterus. The uterus leads to a terminal 
vagina which receives the penis of the male 
during copulation. The lower part or neck 
of the uterus is called cervix. 

Fusion of various degrees of the oviducts 
of two sides occur in mammals. The most 
primitive condition is present in niono- 
tremes. Here the two oviducts remain 
separate and terminate separately in the 
urogenital sinus. Each duct is differentiat¬ 
ed into anterior narrow Fallopian tube and 
posterior expanded uterus. The uterus is 
beset with calcareous glands and the Fallo¬ 
pian tube with albumen glands. It has 
been seen that in platypus only the left 
oviduct is functional. 

In marsupials oviducts arc paired and 
the two vagina open into a urogenital 
sinus. In some the vaginae arc fused at 
their anterior ends forming a vaginal sinus 
which extends posteriorly as a blind pocket . 
This is sometimes called third vagina. 

In eutherian mammals a single vagina 
formed by the fusion of the distal parts of 
the oviducts is present. The uterine por¬ 
tions of the oviducts show different degrees 
of fusion resulting different types of uteri. 
The most primitive type of uterus of eut he¬ 
rian mammals is called uterus duplex 
(Fig. 9.52A) in which the two uteri open 
separately intq the vagina. Uterus duplex 
is present in many rodents and elephants. 
The fusion of the two uteri at their lower 
ends results in the formation of uterus 
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bipartite* (Fig. 9.52B). Such uterus opens to 
the vagina by a single aperture. Bipartitus 



l'i K . SJ.52. Ditferenf types of uterus. A. Uterus 
duplex. B. Uterus bipartitus. Cl. Uterus bicomis. 
1). Uterus simplex. 


uterus is found in carnivore, pig, cattle, 
few bats and in some rodents. As a result 


of still greater degree of fusion the forma¬ 
tion of uterus btcornis occurs (Fig. 9.52G). 
Such uterus is found in sheep, whales, 
insectivores and most bats. Complete 
fusion of the two uteri has formed uterus 
simplex (Fig. 9.52D). Uterus simplex is 
present in man and apes. 

The external part of the female repro¬ 
ductive organ is called vulva. In primates 
two folds of skin, the labia minora are pre¬ 
sent at the margins of the vestibular open¬ 
ing. In some apes and human female two 
additional folds called labia majora are pre¬ 
sent at the margins of vulva. They corres¬ 
pond to the scrotal swellings of man. 

The glands that are associated with the 
female genital system arc (l) glands of 
Bartholin, (2) para-urethral glands and 
(3) vestibular glands. Glands of Bartho¬ 
lin arc homologous to the Cowper’s gland 
of males. The gland secretes a clear, viscid 
fluid under sexual excitement and the lluid 
acts as lubricant during copulation. Para¬ 
urethral glands arc homologous to the 
prostrate glands of males. But (he presence 
of this gland is not constant in all mammak; 
and its function is not known. Vestibular 
glands are located at the base of urethra 
and mi clitoris. They are mucus secreting 
glands. 

Breeding sea hoik Most mammals breed 
more nr less in specific limes of the year. But in 
man, baboon, giraffe and elephants, no particular 
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mating season is present, Animals with a single 
cycle in each sexual season is* called monoeslm 
animals. Dog, koala, kangaroo are examples of 
monoestrus mammals. Polyoestrns mammals are those 
in which sexual season appears many times a year. 
Sheep, rat, goat are examples of polyoestrus mam¬ 
mals. Post ovulatory destruction of endometrium 
results in menstruation. It is present in 
'catarrhincs 1 , certain primates and African 
elephant shrew. Fig. 9.1)3 gives an idea of the 
relationship between ovary and uterine wall with 
different hormones in man. The ovaries secrete a 
hormone called estrogen. Estrogen is responsible for 
the development of secondary sex characters and 
accessory sex organs of the female. Progesterone is 
another hormone secreted by the corpora lutea. 


Progesterone is concerned with the changes 
occurring in preparation for and during pregn¬ 
ancy. Relaxin is another hormone or hormonal 
agent. I t has been extracted from the corpora lutea 
of sows, the blood stream of pregnant rabbits, dogs 
and cows. Whether it is a true ovarian hormone is 
questionable since the site of its formation is still 
obscure. Relaxin helps in bringing out formative 
changes for and during pregnancy. 

Experimentally it has been shown that the re¬ 
moval of ovaries before puberty prevents further 
development of uterus, vagina and Fallopian tube, 
all of which remain in infantile condition. Extirpi- 
tation after puberty brings about atrophy of organs. 
Removal of ovaries or corpus luteum alone during 
pregnancy brings about abortion. 


SUMMARY 


1. Mammals constitute a highly specialised 
group of vertebrates, Originating from a lowly 
organised reptilian ancestor during the mcsozoic 
era, mammals have occupied the topmost rank 
in the evolutionary ladder by virtue of their 
superorganised brain. 

2. A wide variety of forms is encountered 
amongst mammals which are united together under 
a class by having diagnostic features. The features 
are: (!) body covered by hairs, (it) presence of sweat 
and sebaceous glands, (iii) presence of mammary 
glands, (w) 4-chambered heart with only left aortic 
arch, (^presence of double occipital condyle and 
seven cervical vertebrae, hi) presence of diaphragm 
and many others. 

3. Classification of class Mammalia is a difficult 
problem. The living members of the class Mam¬ 
malia are divided into two subclasses: Prolothcria 
and Thcria. Prolothcria includes the order Mono- 
tremta. The subclass thcria comprises of two infra- 
classes—Mctalhcria and Eutheria. Metathcria has 
one order Mmnpialia and the Eutheria consists of 16 
living and many extinct orders. Platypus, kangaroos, 
cats, dogs, apes, man, etc., are some of the examples 
of the class. 

4. Mammals have colonised all environments 
and show extensive adaptive radiation. Basically 
they are terrestrial, but due to the stress of exis¬ 
tence, have become arboreal, fouorial and even 


aquatic. Mammals show plantigrade, digiligradc 
and unguligradc foot postures. 

5. Aquatic mammals have undergone extensive 
modifications and show adaptive convergence with 
the lishes, 

6. The skin is characterised by having hairs and^ 
different skin glands which play important role 
in the physiology of the body. Existence of mam¬ 
mary glands is of paramount importance. 

7. The digital tips of mammals have become 
modified in the. form of claws, nails and hoofs. 
Acquisition of hoof is the monopoly of the ungulates 
which acts as a shock absorbing pad during move¬ 
ment on hard surface of the earth 4 Organs of de¬ 
fence in the form of horns and antlers in mammals 
are worth mentioning, besides the daws and teeth. 

fi. The digestive system is modified according 
to food habit. Dentition shows drammatic changes 
in mammals. Teeth are usually thecodont, dip- 
hyodont and hctcrodont.. The check teeth have 
undergone extensive adaptive specialisation. 

9. Brain is relatively large and the nervous area 
is increased by developing convolutions. Presence of 
corpus callosum is a mammalian characteristic. 

10. Parental care has reached the extreme stage 
of development, particularly in eulherian mam¬ 
mals. Development usually takes place inside the 
uterus of the mother and the utcrii have become 
modified accordingly. 






















